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RESEARCH PARAMETERS OF ULTRASOUND PROCESSING EQUIPMENT
DISPERSED IN TECHNOLOGICAL ENVIRONMENT

Iryna Bernyk

National Technical University of Ukraine "Kyiv Polytechnic Institute™
Prospect Peremogu, 37, Kyev, Ukraine. E-mail: iryna_bernyk@i.ua

Summary. Effective use of ultrasound in
specific manufacturing processes due to the
effects of fluctuations in the environment,
manifested in the physical and chemical effects
and their interaction. The most successful is the
use of ultrasound cavitation processing of liquid
and liquid-dispersed environments, because they
have effectively implemented the mechanism of
sound wave energy concentration in low-density
high energy density, which is caused by the
formation, development and slamming
cavitation bubbles. The research on the
influence of cavitation on chemical processes in

the liquid, the erosion effect of acoustic
cavitation, acoustic cavitation the action on
biological objects in nature and intensity

acoustic noise accompanying cavitation, showed
that methods for measuring parameters of
acoustic field can be divided into direct and
indirect. Direct methods directly measure the
cavitation  process  parameters, such as
measurement of pressure that occurs when
slamming  cavitation bubbles. For indirect
methods  determined by technological or
physical effect of ultrasound cavitation. . The
analysis of existing research found that the most

promising method of measurement
configuration and cavitation field intensity
acoustic cavitation process is being
implemented using hydrophones. Measurement

of sound pressure values were made using
measuring hydrophones based on piezoceramic,
resulting in the covers piezoelement appear
hydrophone potential difference, whose value is
proportional to the sound pressure. Measuring
the magnitude of the voltage proportional to the
sound pressure, was made rms voltmeter values
resulting measured voltage is proportional to the
pressure not only sound, but also the intensity of

ultrasound  vibrations. The basic analytical
dependences for determination of sound
pressure, intensity  ultrasound  vibrations,

radiation impedance made it possible to build a

graph  showing the cavitation processing
technology  environments. Experimentally
verified the identity of law ultrasound field

distribution in the water and in the technological
mix  considering its  extinction.  Research
resonant actuators installed emitters that provide
quality cavitation treatment mixture is possible
only at a specific distance from the radiation.
Consideration of the conditions for the creation
of technological equipment makes it possible to
improve the parameters of cavitation processing
of liquid-dispersed environments by minimizing
energy COSts.

Key words: research, parameter, equipment,
technological environment.

FORMULATION OF PROBLEM

Modern treatment processes of technological
environments of chemical, food, pharmaceutical
and other processing industries are inextricably
linked with energy use of different intensity
uktrasound fields
[1-3]. Ultrasound technology can intensify
processes, increase the degree of utilization of
raw materials, change the source material
properties, and create new substances and
environment, to ensure environmental safety
and production [4-6].

Effective use of ultrasound technology in
manufacturing processes due to specific effects
of fluctuations in the environment, manifested
in the physical and chemical effects and their
interaction. The most successful treatment is the
use of liquid and liquid-disperse mediums
because in them the phenomenon — Ultrasound
cavitation is an effective mechanism for
concentration of energy of sound waves in the
low-density high energy density, which is
caused by pulsations and cavitation bubbles
slamming [8-11].

The emergence and development of
ultrasound accoustic cavitation causes changes
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in the acoustic parameters of the liquid, which
when echoed in turn influences the parameters
of the process. [12] If cavitation is changing
acoustic properties and there is distortion sound
field. Thus, the study of sound field
configuration to  optimize key indicators
processes associated with the processing of
liqguid and liquid-disperse mediums that take
place under the influence of acoustic cavitation.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

The measurement of the cavitation region
can be made several ways: by the action of
cavitation on chemical processes in the liquid
[13]; erosive action of acoustic cavitation [14];
the action of acoustic cavitation on biological
objects [15]; the nature and intensity of acoustic
noise that accompanies Cavitation [16] and
several others. With this method, measuring the
parameters of the acoustic field conditionally
divided into direct and indirect. Direct methods
include methods in which directly measure the
parameters of cavitation bubbles, such pressure
that occurs when slamming cavitation bubbles.
Indirect methods include those for which
examines technological or physical effect of
ultrasound cavitation. Consider in more detail
the basic methods of measuring the parameters
of cavitation field.

Ultrasound cavitation in liquids
accompanied by sonoluminescence [17]. This
intensity of light depends on the intensity of the
cavitation process. Today there is no single
theory  that explains the  phenomenon
sonoluminescence but based on measuring the
intensity of the generated light flux can assess
configuration cavitation field intensity and the
cavitation process in it. Measuring luminous
flux is carried out using photoelectric multiplier
as the light output is very weak.

The disadvantage of this method is the fact
that measurements can only be made in a
completely dark room, denying access external
illumination. This actually may get only two-
dimensional picture of the cavitation field. Due
to the fact that the photoelectron multiplier has
dimensions that are equal wavelength in the
liquid, measuring the depth of the process
leading to the volume of material misstatement
of  the acoustic field configurations,

respectively, and cavitation field. It should also
be noted that the measure may only be made in
optically transparent liquids. In view of the
above  shortcomings, named method of
measuring the intensity of the cavitation process
and measurement of cavitation region has not
received distribution.

In [18] the significant influence of
ultrasound cavitation on biological objects.
Under the influence of cavitation bubbles
slamming in phase is complete or partial
destruction of microorganisms and bacteria. The
number of inactivated organisms depends on
processing time and intensity  ultrasound
vibrations. Given that, you can evaluate a field
of cavitation effect, but given method does not
assess the configuration of the cavitation field.

Chemical methods of measuring the
intensity of the cavitation process parameters
and cavitation region [19] based on the fact that
under the influence of ultrasound cavitation is
number of specific chemical reactions that are
impossible or occur too slowly in normal
conditions. As an example, the chemical
decomposition reaction of potassium iodide
with the release of free iodine and starch
solution color. The degree of coloration of
iodine can be estimated by optical methods. The
disadvantages of chemical methods should
include the fact that they can not be used in
those cases where technological environment
are objects that are able to enter into chemical
reaction with reagents indicators. Also, in
general, difficult to visualize chemical methods
of hardware and their use does not allow use of
automation in  manufacturing processes, as

chemical methods have not acquired a
significant spread.
It is known that under the influence of

powerful ultrasound vibrations and acoustic
cavitation degassing is irradiated fluid [20]. By
the degree of decontamination or volume of gas
released, you can judge the intensity of
cavitation processes. However, these methods
are complicated by difficulties with compliance
with the initial conditions and the technical
difficulties associated with the need to measure
the volume of gas released.

The above methods give an integrated
assessment of cavitation action and not to judge
the configuration cavitation field.
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There is a change of ultrasound cavitation
process fluid volume due to the formation of
cavitation bubbles [21]. Thus the change in
volume can judge the amount of bubbles, but it
does not provide configuration information in
the cavitation field.

A perfect method is based on the use
sonocapillary effect [14]. Sonocapillary effect -
is an abnormal elevation of the capillary liquid
under acoustic cavitation. By raising the height
of the liquid the intensity of cavitation can be
judged at the point of measurement. These
methods can estimate not only the intensity of
the cavitation process at the point of
measurement, but also to get configuration
information in the cavitation field. The
disadvantages of this method include the
complexity and ambiguity of measurement
difficulties associated with measuring complex
hardware implementation.

Look for methods that are based on
cavitation erosion activity area. These include
the method of sample contamination [22] and
the method of erosion tests [23, 24].

The method of sample contamination places
a small sample of drawing on a coating which
has a low adhesion to the surface, in the
cavitation zone. The decrease in mass of the
sample, results in the destruction of a layer of
poliution which can judge the intensity of
cavitation processes and build configuration
cavitation field in the processing volume. The
disadvantage of the method includes its
bulkiness and metrological complexity
associated with the need to measure small
changes in mass of the sample.

Erosion test method is the destruction of the
samples with cavitation unstable material under
acoustic cavitation for a fixed period of time.
Assessment  cavitation intensity exercise or
weight reduction of the sample, or the reduction
of its area. The most widespread use to achieve
that goal became to use aluminum foil. This
decrease in the area of the foil is easily
measured by optical methods. Despite its
simplicity, the method has a major drawback —
damaged areas foil is not involved in the
demolition,  which makes a  significant
difference metrology. Also ideal method is not
suitable for process volumes with low cavitation
processes through a small degree of destruction
of the test sample. Also, if a sample of large

area significantly disrupted the interference
pattern in the technological scope, leading to a
gradual change in form cavitation field in the
measurement.

The most  promising  methods  of
measurement configuration and cavitation field
intensity  accoustic cavitation process applies
(using hydrophones) [25]. The output value of
the hydrophone generated wvoltage (charge),
which is proportional to the sound pressure.
Mutual  correspondence  between  electrical
voltage and sound pressure can be determined
by standard methods of reciprocity.

During the measurement of small sound
pressure, cavitation mode underdeveloped or
precavitational mode, you can configure
cavitation field, when moving hydrophone
technology in volume. Measure the value of the
voltage, proportional to the sound pressure by
using ac voltmeter. By analyzing the spectral
composition of the signal hydrophones can

indirectly judge the intensity of cavitation
processes.
The physical dimensions of hydrophones

can be minimized, which allows to reduce the
degree of distortion of the sound field when you
use it. The method allows us to investigate how
the shape of the sound field, and to assess the
intensity of cavitation processes.

From the analysis of research methods
configuration cavitation field intensity and the
cavitation process implies that measurements
using hydrophones are the most promising.

OBJECTIVE

Setting  ultrasound liquid  processing
equipment disperse technological environment.

PRINCIPAL OF PRESENTATION
MATERIAL

Measuring the value of sound pressure can
be achieved by means of measuring
hydrophones based on piezoceramic. During the
reception mode on the covers of hydrophones
piezoelement there is a potential difference,
whose value is proportional to the sound
pressure. Calibration of hydrophones can be
done by various methods, such as reciprocity
standard method [25]. In  particular,
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hydrophones used in measurements (Fig. 1) was
sensitivity M -=7,9.10° B/ 7a-

Fig. 1. Measuring hydrophone based on
piezoceramic

Note that measure the voltage proportional
to the sound pressure can be achieved in various
ways, including: a peak voltmeter, voltmeter
average value and rms voltmeter. This
measurement different ways lead to different
results. This s due to the fact that the
appearance of cavitation phenomena form the
voltage on the hydrophone will differ
significantly from the harmonic (Fig. 2).

-0.2

-0.4

-qL 1 i
o 20 40

at the hydrophones in

Fig. 2. Form wvoltage
the event of cavitation

Based on the fact that the shape of the
measured voltage differs significantly from the
harmonious formula, and it is advisable to
measure the rms voltmeter V3-57 values. This
measured voltage is proportional to the pressure
not only sound, but also the intensity of
ultrasound vibrations.

The spread of ulirasound in liquid
accompanied by the absorption of energy in the
technological volume, which reduces the peak
value of sound pressure with distance from the
source of ultrasound vibrations. Most [26]
assessed not reduce the amplitude of sound
pressure and intensity ultrasound vibrations
change:

1(x)=1(0)-e*"*, 1)
where: 1(x) — intensity ultrasound vibrations at
coordinates  X;I1(0) — intensity ultrasound
vibrations at the origin, « — ultrasound
attenuation coefficient.

Therefore, ultrasound attenuation coefficient
can be calculated by measuring according to the

formula:
1 l,
‘T2 06-%) "”(EJ’ @

where: X, and X; — coordinates measurements;

I, and |, — intensity ultrasound vibrations in
the respective measurement points.

The intensity ultrasound vibrations
associated with the amplitude of the sound
pressure ratio:

2
- ©

-p-C
where: P — amplitude sound pressure; p —
density; c— speed of sound.

Assuming that the change in density and
speed of sound was dependent on the value of
sound pressure (which is true for precavitational
mode and mode poorly developed cavitation),
dependence (2) can be written as:

1 P
et L @

e
o= “In| =+ |.
(XZ_Xl) Pz

where:
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Turning on the values of sound pressure to
voltage at the terminals of hydrophones, we get
the relationship:

% 5
“ (XZ_X:L) In(uzJ ()

where: y, and y, — the voltage at the terminals
at points hydrophone measurements.

In experiments with liquid-handling
technology  dispersed  mixture  (water-plant
material) found that ultrasound attenuation

value is 2.3 cm®. This attenuation does not
depend on the content of the dispersed phase
(plant material) in the mixture and the operating
frequency ultrasound equipment.

Based on the peak value depends on the axis
sound pressure ultrasound transducer:

P(x)=P(0)-e ¥,
You can build a dimensionless change of
coordinates of pressure measurements (Fig. 3):

= P(x
P(X) — ( ) — e*a‘X .
P(0)
1 . ,
09
08
£ o7
Lo
E
[0 13 N TCROTRNIN NS SUPRSPRI. SS— SO
T
=04
g
203
= 02 -
0.1
% 1 2 3 4 5

Distance, cm
Fig. 3. Dependence of normalized sound

pressure on distance from the source of
uktrasound

From the resulting dependence can be noted
that the most significant change in sound
pressure observed at a distance of 10 mm from
the radiating surface, which is of the order of
20 dB. Then change the shape of the sound field
of distance is no longer significant. Thus, the
measurement results in the technological mix
and the water will vary by the amount of the
same order.

Distribution of sound pressure and front
acoustic wave in space can be described using
the diagram of [27]. This ultrasound transducer
can be viewed as a piston mounted in an infinite
baffle.

Diagram of the piston in an infinite baffle in
polar coordinates can be calculated for the
potential velocity of the formula:

¥(0) = 2-J,(k -a_-sin(@)) ’ (6)
k-a-sin(9)
where J, — bessel function; k — wave number;
a - the radius of the piston; € — the polar
angle.

Due to the fact that the potential speed and

amplitude of the sound pressure related by:

P=p-%y+const, (7)

where: p —density of the liquid.

For radiation pattern can be seen on the front
of the form of acoustic waves.

Analysis of the radiation pattern of high-
cavitator (radius stroke of 10 mm, the operating
frequency of 22 kHz) experimental setup
(Fig. 4), the resulting estimated equation (6)
shows that the shape of almost spherical, hence,
can be considered that of high-cavitator barely
has designed properties.

05

05

Y

P
Y X

Fig. 4. Diagram of high amplitude cavitator
(plane radiation lies in XOY)

It should be noted that, in general, are the
considerations are valid only for the remote
zone, which lies at a distance of more than the
wavelength of the radiating surface-drive
converter. In the near field pattern of
distribution of sound field is more complicated
because of interference phenomena.

The effectiveness of the ultrasound drive
technological installations, in terms  of
converting mechanical energy into acoustic, can
be measured by the impedance of radiation [26]
as follows:
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F

Z=V’ (8)

where: F — reaction force environment, v — the
amplitude of vibrational welocity cavitator
working surface.
In general, the radiation impedance complex
value is represented as:
/= p.c.ﬂ.az .
[1_2-J1(2-k-a)+__2-51(2-k~a)j’ ©)

2-k-a 2-k-a
where: s (2-k-a) — struve function, J,(2-k-a) —
Bessel function.

This represents the active part of the
impedance of the energy transmitted in the far
zone converter, a reactive component reflects
the energy spent on weight fluctuations attached
liquid.

For cavitator of high-operating frequency of
22 kHz (Fig. 5) reactive component of
impedance of radiation can be comparable in
magnitude with the active component.

From the normalized impedance values

0 AU S F. SO S W, S S— - L—
; ‘ i M.w:-,-»?‘.‘""“m"
P i b | L i ! i i i

o g0z s ogs oo 0d iz @14 o8 o8 02
Cavitator radius, m

value
high

normalized
impedance

Fig. 5. From the
components of radiation
amplitude cavitator

It can be assumed that at the radiating
surface of high-intensity acoustic cavitator arise
due to the current value of the associated mass
of liquid.

Experimental verification showed that the
power consumption of 130 watts, the acoustic
field  of high-cavitator a  liquid-medium
dispersed quickly fades in the distance from the
radiating surface and at a distance of 10 mm at
the level of noise that is consistent with the data
of Fig. 3. Therefore, the processing of such

environments may be only a small volume and
close proximty to the radiating surface
cavitator.

Similar drives with a transformer speed and
low emitting area impractical to use in
manufacturing processes associated with the
processing of liquid-dispersed environments,
including extraction, dispersion and so on.

The ultrasound small-amplitude cavitator
mounted on the wall or bottom of technological
capacity. The operating frequency of about
44 kHz, 50 mm diameter radiator. Diagram of
this over-converter (Fig. 6) is calculated by
equation (6).

08-
06
047

02-

05

Fig. 6. Diagram of small amplitude cavitator

Compared with of high-cavitator (Fig. 4)
pattern has become more elongated in the
direction toward the light.

Thus, a drive-converter has a designed
properties that allow intensive  process
manufacturing environment in the direction of
the axis of radiation.

The value of radiation resistance for small-
amplitude cavitator has a significant active
component of the reactive impedance (Fig. 7).

T r 1
—— 4 rval part of s kmpedance
st e vy proed ol e e

From the normalized impedance values

P I i i i I i
o 00z 004 006 008 01 012 014 015 018 0.2

Cavitator radius, m
Fig. 7. The impedance

smallamplitude converter

radiation drive
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Thus, the cost of energy ultrasound
cavitation field on the formation of much larger
compared to of high-cavitator.

Experimental study of distribution to small-
amplitude sound pressure cavitator (Fig. 8 and
Fig. 9) confirming theoretical conclusions [18].

1,2
1 ﬂ
08 f
X
£
3 06
o
04
0.2
0
0 02 04 06 08 1 1,2
L/Lmax
Fig. 8. Distribution of relative sound

pressure to open the cavitation chamber driven
radiator at bottom surface (length)

1,2
1
0,8

0,6 \
y A N
02 ™
\ ~3

0 05 1 1,5

P/Pmax

L/Lmax
Fig. 9. Distribution of relative sound
pressure to open the cavitation chamber driven
radiator bottom surface to the depth in the
direction opposite the radiating surface

Thus, in order to improve the ultrasound
processing of liquid-dispersed environments
should be used in the design of small-amplitude
cavitator.

Experimental study of distribution of
ultrasound  cavitation field in a cylindrical
chamber was performed at a frequency

of 33 kHz, power 140 watts. However, note was
taken analytically calculated distribution of
sound pressure [28, 29], which indicates that the
excitation ~ of radial bending  vibrations

corresponding fashion in the center of the cross
section of the chamber should expect a
reduction in sound pressure and, therefore,
minimal cavitation (Fig. 10).

T

[EITE

ultrasound  field

Fig. 10. Form in a
cylindrical chamber at excitation radial bending
vibrations of surface

However, this level due to the effect of
concentration of power in the chamber with a
cylindrical inner surface of the profile will be
higher than in the case of cavitation chamber
with flat surfaces.

If the excitement in cross-section tubes
cavitation chamber purely radial oscillations of
ultrasound energy concentrated along the central
axis of the camera that achieves high values of
intensity ultrasound energy (Fig. 11).

The results of the pilot study changes in
sound pressure between axis actuators, radiators
confirm analytical, when excited radial bending
vibrations cylindrical surface cavitation
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chamber pressure drop occurs in the central part
(Fig. 12).

a5

05—

B am

Fig. 11. Form ultrasound field in cylindrical
chamber with excitation of radial oscillations of
different modes

160
120
\ r
100 I\
P \ \ d /
o BRI A
60
NN
40 /
22 -m-—.———r"'J
0 0,2 0,4 0,6 0,8 1 1,2

L/Lmax

Fig. 12. Distribution of sound pressure in
the cylindrical cavitation chamber in axle drives
emitters

When  processing  dispersed  technology
environment (water and plant material), there is

almost 10 fold drop in pressure in the central
chamber, indicating that power the essential
properties of the medium. And found that the
rate of absorption of ultrasound energy is
substantially dependent on the concentration of
plant material within its industrial feasibility (15

... 30%).

The inner surface cavitation chamber
observed maximum sound pressure level and
therefore  maximum cavitation activity that

could adversely affect the erosion resistance of
the surface of the camera, but in this area will
ensure  maximum  effectiveness  cavitation
effects on the organic structure.

Thus, the use of technological equipment for
processing of liquid-dispersion process fluids
cylindrical ~ cavitation chamber  with  radial
bending vibrations need to be constructive
means to separate the ineffective with cavitation
point of view, the central part of the chamber
and ensure passage of the mixture through a
zone of maximum cavitation activity, ie near the
inner the surface of the cylindrical chamber.

When calculating cylindrical chamber at
high-profile radial surface fluctuations can not
protect against cavitation erosion of the inner
surface of the chamber and get maximum
cavitation activity in the area of the central axis
of the camera. This focus cylindrical surface
properties  ensure  the  achievement  of
considerable intensity ultrasound energy. When
using this option in camera production
equipment needed will only flow of process
flud along the central cylindrical cavitation
chamber.

Experimentally, the law of distribution of
ultrasound field in clean water and liquid-
dispersed environment remains almost

unchanged (Fig. 13).

% /

y \bn\,:,!/

P/Pmax

0 02 04 06 08 1 12
L/Lmax
Fig. 13. Distribution of relative sound
pressure cavitation in a cylindrical chamber
with prepositions-emitters for creating surface
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The results of the measurement of sound

pressure depth model standards cylindrical
cavitation chamber (Fig. 14) indicate that the
maximum value observed front-drive

transmitter and gradually fades with distance
from it.

1,2

1

08

0,6

P/Pmax

0,4

0,2

0

0 05

L/Lmax
Fig. 14. The law changes the relative depth

of sound pressure cylinder cavitation chamber
of pretexts-emitters for creating surface

1,6

This dependence indicates the presence of
bending vibrations along the length of the
cylindrical surface of the chamber.

Thus, in the case of cavitation in the
technological equipment of several sections
drives emitters to ensure a minimum mutual
influence emitters, they must be set on creating
a surface of the chamber should be at a distance
of wavelength of elastic waves and connected to
a generator of ultrasound vibrations parallel and
in phase.

In the case of structural separation zone of
high cavitation activity in the volume of the
cylindrical chamber, investigates, and installs
additional camera alignments in the cylindrical
tube. For the case of excitation radial bending
vibrations surface of the chamber, the pipe
should have a diameter equal to the diameter of
the line that passes through the wave antinodes
strain, established in the technological mix.

For the case of surface excitation radial
oscillations Camera — separate the central part
of the chamber and have a diameter equal to the
line that passes through the nodal points of the
wave deformation, established.

The wuse of the auxiliary pipe of an
accidental size will lead to the destruction of the
sound field in the cell and, therefore, changes
the distribution of sound pressure (Fig. 15).

11

1,2

1

AN
8 \ /
€ 06
x Y
o 0,4

0,2

0

0 0,5 1 1,5
L/Lmax

Fig. 15. Distribution of relative sound

pressure cavitation in a cylindrical chamber

with an auxiliary pipe (the axis drives emitters)
CONCLUSIONS

1. The analysis of existing research methods
cavitation ultrasound field area.

2. The use of acoustic measurement method
using  hydrophones  cavitation  configuration
allows to explore the area and assess the
intensity of the cavitation process in liquid-
dispersed technology environment.

3. Experimental studies suggest significant
opportunities absorbing liquid mixture of plant

material provided their concentrations within
15...30%.
4. Researched types of high-profile

occasions emitters allow for quality cavitation
processing the mixture only at a distance of 30
mm from the surface of radiation that must be
considered  when  creating  technological
equipment for processing of liquid-dispersed
environments.

5. Experimentally verified the identity of
law ultrasound field distribution in the water
and in the technological mix the light fading,
and thus for designing appropriate technological
equipment known to be used in the field of
ultrasound cavitation technique.

6. Teoretychno and experimentally proved
inexpedient use of high-drives-speed converters
with transformers for technological processing
of liquid-dispersion technology environments.
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RESEARCH OF RELIABILITY OF LIFTING DEVICES IN TERMS
OF ITS REAL LOADING
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Summary. Lifting mechanisms are widely
used in various branches of national economy
and play a significant role in the construction
industry. Thus, the construction of different
buildings they are the main technological
machine. To lifting devices and cranes include
cranes, hoists, arrow-tower, jacks, hoists, arrow
crane beams and so on. All these mechanisms
are working on a similar scheme: the rise and
setting load in the required place. In this case,
depending on the technological application on
performing of certain operations load is arising
on working body (the telescopic arrow, section,
the cable system, truck) not only by load, and by
the number of types of resistance (wind, side
loads from the asymmetry of location of the
working body or asymmetry centering cargo,
rope length) arising oscillations in the system
"working body - load" that require evaluation of
their impact. All these load significantly affect
the reliability of lifting devices. Therefore, the
problem of forecasting efficiency of working
elements liting devices in fixed term and for
reduce downtime of technics is necessary to
replace worn equipment with new items. That is
the task of performance of lifting devices comes
down to determine the reliability which is as
follows: reliability, durability, —maintainability,
storability.

There are two methods for determining the
parameters of reliability - a statistical method
during the exploitation and method of predicting
at the stage of design and manufacturing. In the
work performed theoretical and experimental
researches that combine these two methods.

By the analysis of existing methods of
selection and  calculation  of  reliability
formulated and solved tasks by establishing the
actual time between failures parts and modular
units of liting mechanism on the example of
tower and mobile cranes, developed an
algorithm of optimizaton and method of
justification reserve of spare parts. Analyzed
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laws of the Weibull distribution, normal and
exponential as a resut found that the
mathematical expectation, which is the average
resource probability is a certain value for each
of the law depending on the form of parameter
distribution. Depending on obtained , in a result
of the researches, initial information, were used
methods of calculating the number of spare
parts: average, which are based on information
about the average costs of parts during operation
and repair, variation-statistical, what is based on
statistical data about resource of details with
considering of coefficient of variation resource
and calculation experimental, that takes into
account the intensity and variation of triggering
of parts and the distribution of resources. The

obtained results of researches defined as a
software product, that passed construction
companies and can serve as baseline

information for the planning and development
of the construction project by developers.

Key words: research, reliability,
device, term, real loading.

lifting

FORMULATION OF PROBLEM

During the operation and testing of the

reliability of the group lifting machines
accumulated a significant statistical material on
the developments of machines and their

components to failure, failures and service life
(resource). The received statistical data can be
more or less likely to ensure the authenticity of
that time to failure or failures described by
theoretical model of failures. Random nature of
occurrence  of failures makes use of
mathematical tools of mathematical statistics
and probability theory.

For determination of the reliability of cranes
was organized by a group of control
surveillance tower and mobile cranes in terms of
their  exploitation. During the period of
surveillance was collected statistical
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information on the reliability of machines,
which is a disordered selection of processing
elements lifting devices for refusal.

Information about the rejection was received
as a result of filling special tables in a real use
of tower and mobile cranes. For determination
of the reliability of components and
prefabricated units were taken as a basis
indicators of reliability - mean time between
failures, failures elaborated that are defined by
methods of mathematical  statistics and
probability theory.

Thus defined methodology and methods of
research to determine the reliability of lifting
devices.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Some authors suggest only performance
faultless work, failure rate and time between
failures [1]. These takes a place somewhat
different approach for assessing uptime and
specified such indicators as a parameter failure
flow and margin of safety. [2] Some attention is
paid to maintainability indicators, such as
controlling the suitability, availability,
interchangeability and easily substitutability [3],
and - indicators of reliability and durability [4].
There are also publications that are broader
range of basic criteria of reliability, but many
indicators have not mentioned [5]. Most of the
machines that are used throughout the year

estimated  parameters are generally three
properties: reliability, durability and
maintainability, ~ but  building and  road
machinery  except the mentioned above
properties is estimated also storability.

Method  for  determining the  parts
components and prefabricated units are based
on different approaches to modeling the

operation of mechanisms and machines of
various technological purposes. So in [6]
proposes that the annual cost of a standard parts
per 100 vehicles:

N, =[N ()~ N(t, ) fLoon, (1)
where: N(t;)—N(t; ;) — the average number of
replacements parts at the time; t;,t;,

operating time of a car from start of exploitation
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to j and j-1, respectively; n — the number of

identical parts in one machine.

Applying the formula anticipated
regulations preventive maintenance,
the expediency of which in the modern period
of technology is obsolete, since the process of
applying large number of similar machines is
virtually impossible.

More effective principle of forecasting
expenses of details depending on the allowable
wear:

@)

@)

and tear on the basis of reliability theory used in
[7] (where: F(t),F (t) — resource distribution
function of the new and spare parts, running
after i replacement instead of the original, 7 —
change of integration).

If the machine during operation time
between replacement of parts subordinated
exponentially and the demand for spare parts in
order to simplify regarded as a stationary

N, = F(t)+jN(t—z‘)dFi (),

process that  subordinated the  Poisson
distribution [7]:
P(t,)=n,/exp(n )i 3)

where: PL,) _ probability that the need for
spare parts will be equal with the average

number of

operation period t.
Provided that resource of parts distribution

submits  Weibull distribution of spare parts

expenses calculated by the formula:
N, = o[ = By (5,6) +05a (Yo, DI T, 4

where: ng — the number of parts that are installed
on the same machine;

B, (yo ,8)
detail;

A(Yo.6) _ likelihood of replacement detail
to the time of cancellation of the machine;

T — the average lifetime of the machine to
the cancellation.

Somewhat simplified dependence (4) using
a normal distribution resource details, provided
that the resource share of less than 0.2 full life
of the machine. Owerall analysis of
dependencies (1)—(4) shows that the need to

— used spare parts for the

— relative incomplete resource of
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carry out some research or some preconditions
and assumptions.

The purpose of the study. Purpose is to
study  parameters  of  reliability lifting
mechanisms and determination of the basis of
directions of increase of efficiency in terms of
their actual load.

PRINCIPAL OF PRESENTATION
MATERIAL

An obvious factor in ensuring the reliability
of the machine is to evaluate its effectiveness,
which can be set using monitoring (Fig. 1) [9].
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Fig. 1. Structural monitoring scheme of
efficiency of construction machines

The primary task of monitoring indicators
lifting gear is the allocation of those costs that
reduce the efficiency of the machine, which
include the loss of money and productivity
losses due to downtime from technical and
external causes. Loss of work done can
compensate for extension of time machinery
that can lead to loss of productivity. On the
other hand, if the machine pauses in the work or
stopped for a short time, such as 10 minutes, it
is also possible to consider loss of productivity,
not downtime.

In most cases, these losses are associated
with irrational parameters of working platforms,
inconsistency performance main and auxiliary
equipment are not in sync workflow [9]. These
minor stops and forced idle moves do not occur
for reasons of logistics operation of construction
machines. Small stops (eg for cleaning work of
minor adjustments and the like) is usually
shorter than 5-10 minutes, and not caused by
technical failures machines that usually require
the involvement of staff maintenance and repair.

The machine operator can easily correct the
problems. However, frequent breaks in work

and stop can greatly reduce the efficiency of
technology, as in this case the machine is not
stable, reduced uniformity, frequency and speed
of construction processes. One consequence of
the above reasons, out of a given program of a
construction project are: losses from downtime
when the machine is not used for a long time,
for example, more than 10-20 minutes, then we
can talk about the loss by downtime of
machines. These stops can occur due to
technical reasons (for example, because of its
refusal or perform scheduled maintenance) or
by external factors, such as due to lack of
demand for production machines, adverse
weather conditions, etc.

If continuous monitoring of evaluating the
effectiveness of the machine doesn't happens,
then reduced performance can't be seen or be
accepted as normal. The monitoring system
provides networked machine operation and
support of a multilevel organization to be able
to work with it experts at various levels of skill
and responsibility.

Monitoring of the efficiency of the machine
not only requires appropriate hardware and
software using IT technologies, but also to
develop the necessary methodological
prerequisites to capture and identify different
states of the machine. Usually considered a
working machine at this point, if the work is in
one or more of the basic mechanisms and vice
versa. For example, the crane can be inoperative
when it's slinging cargo. When performing the
same manipulations with cargo — crane
considered working.

The next step of monitoring is measurement
and analysis of performance losses that lets take
a deliberate decision on their chance in the
current operation aspects, and the anticipated
loss of productivity.

To solve the problem of determining the
operating strategy proposed modified dynamic
model in the form [9]:

Bt
= oPLr( tl) +61+1(110)
B(t)= 00 — min
v B, (L) +P.(t,
K.P _ opl.r( tl) + r( tl) +67+1(t +1,0)
Hopt1 (t’tl)
Bopt.z' (t! tl) and HUI’['T (O’O) aCCOI’dIngly, the

optimal operating cost, optimal per year
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t,.

machine age t, which was repair in the time

6..1(10) and 6.2 (t+10) money spent since the
year °© for the considered period at operation of

machines for the best option, which had in a

year 7 and was repair in the age ', and time
what the machine passed, repair in age t.

For solving model 5 must have a value of
primary productivity, operating costs, cost of
repair and reliability for a specific process and
using liting gear, and on this basis to determine
the optimal strategy to use. So to address the
identified research methods arises primary task
of research methods of forecasting needs for
spare parts and prefabricated units.

Basic methods of forecasting the need for
spare parts is the adoption of a change in
patterns of random variables describing the
experimental data failures. As mentioned above,

the reliability theory, provides a number of
distributions  which, along with the most
common normal, exponential, Weibull, beta and
gamma  distribution,  diffusion  monotonous,
triangular, geometric, binomial and others [1-5,
10-14].

Justification and choice of model failures is
based on experimental studies, accurate
collected with information that adequately
meets the actual use liting gear and deep

analysis of studies on statistics time between
failure. An important aspect of the research is
reliable result taking into account the entire
spectrum of factors in the analysis of failures

(Fig. 2).

Factors affectng on faiures

‘ ‘ versatify physcs ‘ |,nm;iﬁr5¥ aplicaiity

different methads | |physical nafure of
for salving problems | | fal

Fig. 2. Requirements for model of failure

Analysis of indicated literature which are
devoted the study of engineering systems
reliability, confirming a significant advantage of
applying the three laws of distribution of
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random variables, normal, exponential and
Weibull. On this basis define the conditions
under which those laws apply. The normal law
is applied at progressive change settings, or in
the case in which the proportion of sudden
failures that had to detail, working in favourable
conditions. The law under conditions phasing
Use the parameter of form and scale.

Distribution ~ of  Weibull  applied in
conditions in which the refusals process starts
with the most wulnerable detail of some set of
technical system consisting of a group of
elements, and also that normal and characterized
by parameters shape and size and has a variety
of curves failure rate. Exponential distribution is
used for the analysis of complex systems that
are constantly load and is characteristic of
sudden failures.

Below are presented statistical study of
performance indicators for example in auto
cranes, that were held within one year and
allowed to estimate a specific feature of
reliability — the time factor, as initial parameters
estimated change in the operation of machines.

Some of the machines worked out a
resource, but still continue to be operated.

In connection with the limited funding for
renovation of worn equipment, we have
evaluated the criteria of reliability of machines
that allowed to determine the real picture of the
technical state of hoisting equipment. It was
developed a method to determine the parameters
of reliability of construction machinery. Under
the first of which is determined by the number
of intervals sample intervals limits, the mean

time to failure and determine the average
quadratic deviation. The next step is to
determine the coefficient of variation and

determination of the distribution, the probability
of failure-free operation. For the chosen
distribution  law  determined by  density
distribution and empirical function, carried out
inspections  of empirical and theoretical
distributions. The last step is defined confidence
limits.

According to the results information
obtained by the algorithm was built histogram
developments failures Fig. 4, histogram and
graphics empirical density Fig. 5 and empirical
distribution functions Fig. 6.
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The next step is to determine an appropriate
range of resources.

Gamma appropriate resource defined by the
formula:

L)m.e

100
where: a — parameter Weibull distribution.

T, =a(-In (6)
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CONCLUSIONS

1. Formulated methodology and research
methods of reliability indicators based on
analysis of existing distribution laws of random
variables.

2. It was found that the existing methods for
determining spare parts and modular units can
be formed not on the basis of alleged example
specified consideration patient flow process
operations, and by monitoring the assessment
index performance in actual use lifting devices.

3. Discovered assist factors of impact on
nature of failures, take into account of which
will reasonably apply the laws of distribution
and adequately to real conditions determine the
probability of failure-free operation.

4. Obtained analytical dependence for
determining the probability of failures and
distribution  graphs  that  obeys  Weibull
distribution.

5. An algorithm is proposed and method of
calculation of the reliability of lifting

mechanisms that can be adapted to other types
of construction equipment.
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AnHoTamussi. B VYkpauHe HCHONB3yIOT
pasnu4Hble  CUCTeMbl  OOpPabOTKM  MOYBHI,
KOTOpbIE HMMEIOT CBOU CHJIBHBIE M clla0ble
CTOPOHBI.

Br16op panmonanbHON cucteMbl 00paboTKu
IIOYBBl  €CTh  KIIOUEBOM  COCTaBIIAIOILECH
BIUAIOIIEH Ha JHEPro- U  TPyA03aTparhbl
IIPOU3BOACTBA MPOAYKIMM PAaCTEHUEBOJCTBA H,
B KOHEYHOM HTOre, Ha ce0eCTOMMOCThL
npoaykuuu. IlonocoBast 06paboTka MOUYBHI €CTh
IIEPCIIEKTUBHON c TOYKHU 3peHusd
pecypcocOepexeHus, panoHaIbHOIO u
3(G(PEeKTUBHOTO HCIHOJIB30BaHUS yHOOpeHUl u
yIIpaBJIEHUS PACTUTEIBHBIMU OCTaTKaMu. OTa
CUCTEMa MHTEHCHBHO BHEAPSETCS B X034l CTBAX
VYKpauHbl, HO 110 HEel orpaHuyYeHa HHPoOpMaLUs
O TEXHOJOTHYECKUX CXeMaX, TpeOOBaHUAX K
TEXHOJOTMYECKUM IpoueccaM (OopMHUPOBAHUS
[OJIOC M TOCeBa, BbIOOpe pabouMx OpraHos,
TEXHUYECKUX PELICHUSIX.

OrpaHn4eHHON ecTh Tarke HHOOpMAIUs O
T'UJIPOTEPMHUUYECKMX  CBOMICTBAaX IOYBHI B
[oJIocaXx M MEXIOJIOCOBOM IPOCTPAHCTBE,
0COOEHHO B YCIIOBMSX IMOCYLUUIMBOIO MEPUOJA.
AKTyallbHBIM €CTh IJIaHUPYeMBIH 3(QeKT oT
BHE/IPEHUs] KOMILJIEKCa MallMH Ui I0JIOCOBOU
00pabOTKH MOYBHI.

B nmanHoM cratbe HaHBI OTBETHL Ha
ykazaHHbIe Bopochkl. CPopMOBaHbl TPUHLUIIBI
BBIIIOJIHEHUSI ~ TEXHOJOIMYECKOro  Ipoliecca,
MOJArOTOBJICHBl ~ MCXOJHBIE  TpeOOBaHHS K
rnapaMeTrpaMm IO0JI0C, HAJUYUI0 PaCTUTENbHbBIX
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OCTaTKOB, KauecTBa moceBa KYJIBTYD
ceBO00OOpOTa — KYKypy3bl M COM, OIpelesieHa
0COOEHHOCTh ~ KOHCTPYKUMW  MammMH s
(dopMHUpOBaHUS TIOJOC W IOCEBA, MPOBEICHbI
MIOJIEBBIE  HUCCIIEIOBAHUS  arpOTEXHUYECKUX
IOKa3arejae IOCEBOB TEMIIEpaTypel |
BJIArOCOJICPKAHUSI B MOJIOCAX  MEXKITOJIOCOBOM
MIPOCTPAHCTBE, MIPOBEJICH pacuer
MPEeBAPUTEIHHOTO SKOHOMHYECKOTO d(peKTa.
KiawueBbie ciaoBa: 00paboTKa TIOYBHI,
STRIP-TILL, IIOJIOCHI, TEXHOJIOTHS,
TEXHUYECKHE PEICHUs, NCXOJAHbIE TPEOOBaHUS,
TEMIIEPATYPHBIA PEIKUM, BIIAXKHOCTh TTOYBBHI.

[NOCTAHOBKA ITPOBJIEMbI

Cucrema 00paOOTKM TIOYBBI  SIBJISICTCS
0a30BOI COCTaBJISIIOIICH PHEPro- U TPYyAO3aTpaT
Ha IPOM3BOCTBO MPOAYKIIUU PACTEHUEBOICTBA.
BpiOopoM  panMOHAIBHOW CHCTEMBI MOXHO
HETMOCPEICTBEHHO BJIMSITh Ha CHUKEHUE 3aTpaT
U, B HTOre, Ha Ce0ECTOMMOCTb IPOIYKIIHH,
IIOCKOJIBKY L[EHBI Ha y1o0peHus,
roprouecMa3zouHble MaTepuaibl GOPMUPYIOTCS B
CTPYKTYpax HEMOJKOHTPOJIBbHBIX
cenmpxo3npousBoauTenio 1, 2, 3].

B Vkpaune  1mmMpoOKO  HMCHOJB3YIOTCS
pasiuyHble CUCTEeMbl OOpPaOOTKH MOYBHI
TpaAUIMOHHAS (ma OCHOBE TLTyTa),
KOHCEpBUPYIOLAS (C MCIOJB30BAHUEM YHU3Es),
MYJIBYHUPYIOIIAs (C MCIIOJIb30BAHUEM JIMCKOBBIX
pabouux OpPraHOB WJIM KYJbTHBATOPHBIX JIall),
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mini-till — moceB B MUHUMAaJILHO 00pabOTaHHYIO
nouBy [4, 5].

VKazaHHBIC BBIIIE CHCTEMBI 00PabOTKU
MOYBHI  HCHOJB3YIOTCS B Pa3’HOOOPa3HBIX
MOYBEHHO-KIMMATHYECKUX  30HAX,  THIAx
IPYHTOB, YCIIOBHSX  BJIAar0OOECIHCUCHUS |
opymus Ui MX pealu3alMi  TTOCTOSHHO
coBepuieHCTBYtoTcss  [6, 7]. OpHako 3TH
TEXHOJIOTMH HE BCerjaa eCTh d(PPeKTUBHBIMH B
HAMpaBJICHUU TOJHOICHHOTO HCIOIb30BaHUS

yIOOpeHH,  palMOHATBHOTO  3a]ICBIBAHUS
pacTutenbHbIX octaTkoB. CrutommHas o6paboTka
NOYBBl ~ HEJIIOTMYHA  HpPU  IPOHU3BOJCTBE

IpONAIHBIX 3€pHOBBIX KyinbTyp. Hampuwmep,
IpU TPATULUOHHON 00pabOTKE BO3JENBIBAETCS
BECH ITAXOTHBIM T'OPU30HT, YTO 3aTPaTHO W NpHU

STOM npOOIeMaTUYHBI, KaK  BHECEHHE
ynoOpenuii, Tak U  IGOEKTUBHOCTH WX
HCIIOIB30BAHU. B KOHCEpPBHPYIOILEH

TEXHOJOTUU TPOOJIEMATUIHBIM €CTh TOTydeHUE
MOJIOCHI C HYXHBIMH IapaMeTpaMH TIPyHTa B
pa3IMuHBIX MO TiryonHe ciosix. B mini-till u no-
till HeBO3MOXKHO pa3MecTHTh yHOOpeHHUsS B
IJIyOMHHBIX ~TOPU30HTaX M JIOKAINW30BaHO
pacrpenesuTh M0 MOBEPXHOCTH PACTUTENIbHbIE
OCTaTKH.

C TOYKH 3peHUs OTBETOB Ha
NEepeYHCICHHbIE BbIIIE BOMPOCH! PALIMOHAIBHO
HCCIIEeI0BaTh IOJOCOBYIO 00pabOTKy IOYBBI
(STRIP-TILL) [8-12].

STRIP-TILL xak TexHomorus, B3sia
MPEUMYIIIECTBA OT KXKIOW W3 CHCTEM, 4TO
MO3BOJISICT €l MMETh B 30HE Pa3BUTUS U pocTa
KOPHEBOM CHCTEMBbl DPACTECHUH KayeCTBEHHO
00pabOTaHHYIO TIOYBY C Pa3HOPOJHBIM |
OpUeMJIeMbIM  JUId  BEreTalMu  pPacTeHUH
(paKMOHHBIM COCTaBOM C pPa3BUTOW CETHIO
TPEUMH B NIYOMHHBIX TOPU30HTAX MOJIOCHI IS
a’panui, BJIAarOHAKOIIJICHUS u
BIIArocOEpeKeHMs, C JTOKAITBHO PACIOIOKEHHON
B pallMOHANbHBIX  TOPU30HTaxX /1030
MHUHEPAIbHBIX  YIOOpeHuH, Ieaecoo0pazHo
pacripesielieHHble  pacTUTENbHbIE OCTaTKd B
[0JIOCE M MEXIYIMOJOCHOM IPOCTPAHCTBE,
CHOCOOCTBYIOIIME ONTHUMU3ALMHN TEPMHUECKOTO
peKUMa IMOYBBI U YJICPKAHUIO BJIATH.

B nureparype umeercst MHOTO MH(opManuu
00 yka3aHHOM cucremMe OOpabOTKe IMOUBHI,
OJTHAKO OTPAaHWYEHBI JaHHBIE O CXeMax ee
peanu3anuyu B ceBoobopoTax. HeocBemmeHHbIMU
€CTh BOINPOCHI Pa3MEpPOB OOpabOTaHHBIX H
HeoOpaOOTaHHBIX 30H, IVIYOMHBI 3aKIAKU
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yaoOpeHuil, He U3ydeHbl U CaMU TEXHUYECKUE
pemenus. Kpome Toro, menecooOpasHbIM ecTh
M3ydeHUs BIUSHUS YKAa3aHHBIX ITapaMeTpOB Ha
BJIarO-TEMIIEPATYpHBIH  PEXKHUM,  OTKPBITHIM
OCTaeTcsi BOIMPOC 3aTpaT Ha €AMHMILY IUIOIIAH
IIPY BHEJIPEHUH TAHHOW TEXHOJIOTHH.

AHAJIN3 TIOCJIEJIHUX UCCJIEJOBAHUN

N IIYBJIIMKALIINA
HIupokomacirabHoe  MPOU3BOJCTBEHHOE
ucnonszoBanre  STRIP-TILL  cBszano ¢
TEXHOJIOTUSIMU ~ BO3ZCIBIBAHUS  KYKYpYy3bl B

CHIA. Kpome KyKypy3bl, 3Ta TEXHOJIOTUS HE
MEHEe aKTyaJbHa IS BBIPAIMBAHUS JIPYTHX
MPOMAIHBIX KyTbTyp: COHM, IOJCOTHEYHHKA,
COpro, caxapHOM CBEKIbl. YCICIHBIM €CTh
TaloKe BBIpAIMBAHUE parca IO TEXHOJIOTHH
STRIP-TILL [13, 14].

[peanonaraemerit  >¢dext JacTUYHas
00paboTKa TMOYBBl W YIY4YIIEHUE JKOJOTHH,
9KOHOMHUSI TOIUJIMBA U MaTE€PHAIIBHBIX PECYPCOB,
ONTHMU3AIUSI PESKUMA YBIIAXHEHUS TOYBBI,
palMoHaNbHOE KCIOJIB30BAHUE MHUHEPAIbHBIX
yaoOpeHuil, MUHUMH3AIUA [Mapka MalMH Hu
M3HOCAa WX pPadOYMX OpPraHOB, MOBBIMICHHAS

YCTOWUMBOCTD npoiiecca BbIpaIlliBaHUS
KyJIbTYyp C€BOOOOPOTa K M3MEHEHUSIM KITMMaTa.
bazoBblii KOMILJIEKC MAIlIMH TS
Bo3nenbiBaHusl  KynbTyp 1o  STRIP-TILL
OCHOBBIBaeTC Ha 4-X  TEXHOJOTHYECKHX

orepanusx — Hape3Ke IMoJIoC, ITOCEBE, YXOAy 3a
oceBaMU U yOopke ypoxkas. J[Be mnepBble
TeXHoJIoTUYeckue omnepannu B cucreme STRIP-
TILL ™Moryr peanu3oBbIBATbCS 1O JABYM
NPUHLIMIAM BBIIOJHEHUS TEXHOJOTUYECKOTO
Ipoliecca — pa3feIbHOMY M COBMELEHHOMY.
AHaM3 pa3BUTUA TEXHUKH ISl TTOJIOCOBOM
00pabOTKM  NOYBBI  IPEACTABIEHHON  Ha
HNOCJIEAHUX MHUPOBBIX CIELHAIN3UPOBAHHBIX
BBICTaBKAaX IIOKAa3bIBA€T, YTO IPAKTHUYECKU
KaXJass M3 HM3BECTHBIX (UPM, IPOU3BOISIIMX
OYBOOOPaOATHIBAIOIIME U TTOCEBHBIE MAIMHBI,
UMeeT B CBOEH HOMEHKIAType W MallMHbI JUIs
nosiocoBoii  o0pabotku. Ilpm sToM Kaxkmas

¢upma mpeanmaraeT  CBOM  MOAXOAbl IO
UCIIOJIb30BAH U0 CEJIbCKOX035CTBEHHBIX
OpyIUN.

B cBs3M C 3TMM MOXHO TOBOpPUTH O
MHOIOBAPUAHTHOCTH IIPEAJIaraéMbIX TEXHUKO-
TEXHOJIOTMYECKMX  PELICHWH, KOTOphIE B
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JOITIOJIHCHHEC MHOTOKpPAaTHO BapbUPYIOTCA
MNPpUMCHUTCIIbHO K KOHKPECTHOMY XOBSIfICTBy.
[IpumepoM HCHONB30BaHUSA  PA3ACIBHOTO
nNpuHOunma e€CTb arperarol JJid MOJIOCOBOM
obpadotku mouBbl ¢upm Schlagel, Orthman

Remlinger ~ (CIIIA),  Stripcat  (®panmus),
dapmer (Yexus).
OmHako 93TO 000pyAOBaHUE TMO3BOJSET

COBMEUATH €0 C CESUIKOW AJIs1 OTHOBPEMEHHON
Hape3KH I0JI0C, BHECEHUsI yIOOpPEHU U moceBa.

dupmer Horsch, Mzuri [15, 16] npeanaratot
IIOCEBHBIE  arperarbl  KOTOPbIE  PEATU3YHOT
COBMEUICHHBIA TPUHIIUT (POPMUPOBAHHUS MTOJIOC
U TI0CEBA.

OTHOCUTENBHO 000pYyAOBaHUS IJIsi HApe3KH
oJI0C €ero MOXKHO pa3geluTh Ha TpHU
OCHOBHBIE KaTEropuu JIETKOE, CcpenHee |
TSDKENOe, B 3aBUCHUMOCTH OT Beca CEKUUH U
rTyOMHBI 00paboTKM (MITM CcTereHu 00pabOoTKH
MTOYBHI).

B 3aBHCHMOCTH OT CTENIEHH BO3JCHCTBHS Ha
nouBy arperatbl i peanuzanuu STRIP-TILL
MOYKHO Pa3[eUTh Ha JIB€ OCHOBHBIE TIPYIIIBI:
BECEHHUE (Jerkue) M oOceHHue (cpenHue u
TSDKEIbIE).

Arperater st STRIP-TILL, ucmonszyembie
BECHOM, B OCHOBHOM HpeIHa3HaueHbl s
OYHUCTKU TIOJOCHI OT PACTHTEIBHBIX OCTATKOB M
YMEPEHHOIO  IOBEPXHOCTHOIO  PBIXJIEHUs
MOYBBHI.

IIpu 3TOM BO3MOXHO
MHUHEpalbHble  ylnOOpeHHs  Ha
MOBEPXHOCTHOTO PHIXJICHUSI.

Haubonee pacmpocTpaHeHBI arperarbl UIs

BHOCHTH
TITyOUHY

ocenneit texnonorun STRIP-TILL - ¢
r1yOnHOM 06padoTku moussl 710 20-30 oM.
Ha TUX arperarax o0s3aTenex

[TyOOKOPBIXIUTENb JUIsl 00pabOTKM IMOYBBI Ha
rnyouny 20-30 cMm, a Tarke JAOMOJHHUTEIbHBIC
paboune opraHbl — KyJIbTEPHBIA HOX, OYHCTHBIE
JIMCKH, TypOoaucku, kaTok [17, 18].

IlocpencTBOM ITIyOOKOPBIXJIUTENSL B IOYBY
MOXXHO T10JIaBaTh JKUJAKAE W (WJIH) CHITy4IHe
yaoOpeHus, B TOM 4YHCIE Ha JiBa pa3HbIX
YPOBHSI. Takue arperartbl HauOoJsee
paclpocTpaHeHbl M, KaK IMPaBUJIO, XOPOIIO
MOJIXOJAT JUIsl OCEHHEH 00paboTKU MOYBHI.

I[Ipy  wWcnosb30BaHMM  HA  BECEHHEH
o0OpaboTke B 30HaX HEJ0CTaTOYHOTIO
YVBIQKHEHUS,  IIIYOOKOPBIXJIUTENh  CHIJIBHO
MCCYIIIAET MOYBY, BBIHOCS HA MOBEPXHOCTH €rO
BIIQXKHYIO YaCTh.
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IIpu Bcem 3TOM HeoOpabGoTaHHas Mmojoca
BBICTYIAET CBOCOOPa3HBIM OyhepoM MO3UTUBHO
B3aMMOJICHCTBYIOIIIMM ¢ 00paOOTaHHOW 30HOH B
yacTd  BJIarooOMeHa, BO300OHOBJICHHUS |
HOPMAaJTU3AIlH Y KU 3HECITSITHHOCTH TTIOUYBCHHOM
OHMOTHI.

[pennaraemsie Ha pBIHKE
CEIIbCKOXO3SMCTBEHHON TEXHHUKH arperatbl C
IEHOH cekiuu JuIsa opMUpoBaHus mojoc $ 2-5
ThIC. (2 B moceBHBIX arperatax 10 $ 20 Tbic.)

pacCuduTaHbl Ha HOTpC6I/ITCJ'I$[ C BBICOKUM
(MHaHCOBBIM MOTEHIIUAJIOM, MO3TOMY
3aBO3ATCS B YKpawHy IIMPOKO3aXBaTHHIE
KOHCTPYKIIUH.

PaGora MOCBSIIIEHA HccreI0BaHUsIM
TEXHUKO-TCXHOJIOTNYCCKUX peI_HeHI/II\/JI JJIA
MOJI0OCOBOM 00paboTku MTOYBBI B
KOPOTKOPOTAIITHOHHOM ceBoobopoTe  WIH
BBIDALLMBAHUM  IPONAIIHBIX  KYJIBTYp — —

KyKypy3bl W COHM U OIlEHKE UX d(PPEeKTHUBHOCTH.
I[TOCTAHOBKA 3A1IAUU

B nacrosiee Bpemst B texnonorun STRIP-

TILL nns  VYkpauHbl akTyaJlbHBl BOIIPOCHI
BBIOOpAa  palMOHAIBHBIX  CXeM  IIOCEBa
IPOIAIIHBIX KYJIBTYP C pasHbIMU

MOKAYPSABIMA W ONTHMHU3AIUS  COCTOSIHUS
MapaMeTPOB IMTOYBHI, TIOCEB PA3TMYHBIX KYIBTYD,
UCCIICIOBAHUS  OT3BIBUMBOCTH  KyIBTYp Ha
TIyOUHY 331K yIOOpeHUiA.

[Nomyaennas 00 3ToM MHGOpMALUs JOIKHA
OBITH MCIIOJIB30BaHA MPHU Pa3pabOTKe UCXOAHBIX
TpeOOBaHMUI K TEXHOJOTHYECKHM IIpOIIeccam
(GopMHpOBaHUS TOJOC U TIOCEBA KyKypy3bl H
comu.

Bosamkia  HeE0OXOOMMOCTH — pa3pabOTKH
MaKeTHOro o0pasia CeKIuu i GopMUpPOBAHUS
MOJIOC ¥ J10000pYIOBAHUS CEKIIUU TPOMAIIHOMI
CesTIKM Uil pabOTHl B TOJOCax C BBICOKUM

COACPIKAHNECM PaCTUTCIIBHBIX  OCTATKOB u
IMPOBCACHHUH ITOJICBBIX HCCIIEJOBAHUM
HUCIIOJB30BaHHUA J3THX MalllMH Ha CO€ H

KyKypy3e. Ha ocHOBaHMM SKCIIEpUMEHTAIBHBIX
00pasIoB TEXHWUYECKUX PEIICHUH HEOOXOAUMO

IIPOBECTU ArpOTCXHUYCCKUE  HCCIICIOBAHUA,
KOTOPBIC COACPIKAT I/IH(I)OpMaI_II/II-O 0
BJIArOTCMIICPATYPHOM PEXKUME I10JI0C n

MeKAypsmuii. Kpome Toro ectb HEOOX0IMMOCTh
MPOBECTH TPEIBAPUTEIEHYIO JKOHOMHUYECKYIO
O1IeHKY A(DPEKTUBHOCTH TOJIOCOBOW 00pabOTKH
TIOYBHI.
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N3JIOKEHME OCHOBHOI'O MATEPHAJIA

O06ocHOBaHHE TEXHOJIOTHYECKOH CXEMBI,
pazpaboTka HCXOTHBIX TpeOOBaHUM, BBHIOOP
pabounx OpraHoB, H3TOTOBJIEHHE MAKETHOTO
obpasna s (GopMHpPOBAHHS TIOJIOC, BEIOOD
cxeMbl. Pa3paboTka TEXHOJIOTMYECKON CXEMBI
MoceBa MPOMAIHBIX KyTbTyp CEBOOOOpOTa MO
cucreme STRIP-TILL.

dopmupoBaHue mojoc Oazupyercss Ha
U CIIOJIb30BAHU U KOPOTKOPOTAI[MOHHOTO
ceBOO0OPOTa KYyKypy3a-KyKypy3a-cosi ¢ pa3HOM
umpunoit Mmexaypsauii (70 u 45 cm) [19], uro
OTIPENEIUT OCOOEHHOCTH KOHCTPYKIIUU CEKI[UU
JUIsL Hape3aHusl MoJIoC. JTO AAaeT BO3MOXKHOCTh
BECTU MOCEB KYKypY3bl ¢ MeXAypsabimMu 70 cM
u cou ¢ Mexaypsaapsimu 45 cm. KirodeBbim
TpeOOBaHUEM K MTOCEBY €CTh paboTa B YCIOBHUAX
HaJTM4Us Ha MTOBEPXHOCTHU MIOYBBI
3HAYUTEIBHOTO KOJUYECTBA OCTATKOB KYKYPY3bI
UM COHM, KOTOpble HEOOXOAMMO mepepesaTh U
OUHUIIATH MIPU ATOM 30HY IMOCEBA.

Ha puc. 1 mokazansl mapameTpsl OJIOC IO
MIOCEB PA3TUYHBIX KYJIBTYP.

TpeboBanus K TEXHOJIOTUYECKOMY
nporeccy (GOPMHpPOBAaHUS IOJIOC W IOCEBA
MPOMAIIHBIX KYJIBTYp CEBOOOOpPOTa MO CHUCTEME
STRIP-TILL.

ITo pe3yJibTaram HCCIIEIOBAHU I
MOATOTOBJIEHBl ~ HCXOAHBIE  TpeOOBaHUS K
TEXHOJIOTUYECKUM TIporieccaM (GopMUPOBaHUS
10JIOC, ITOCEBA KYKYpy3bl U COM MPHU MOJIOCOBOU
06paboTke mouBkI (Tabi. 1).

DneMEHTBhl TEXHOJIOIMUYECKOro Ipoliecca U
WX pean3alus.

Ha puc. 2 mnokazaHo QyHKIMOHAIBHEIE
0cOOEHHOCTH pabounMx OpPraHOB CEKIHH H
(dopMBbI (SMTIOPHI) MOMEPEUHBIX PAa3pPE30B MOUYBBI
npu GOPMUPOBAHUU TOJNOC TOJ KYKypy3y U
Ccol0.

C HCIOJIb30BAHUEM BBIIICYKa3aHHOMN
uHpopMaIuu, OpUTHHAIBHBIX  TOAXOJ0B
peanu3aluu MmojocoBoi 00padoTku moussl [20,
21] npemsioxeHbl TEXHUYECKUE PEUICHHS IS
dbopMUpOBaHUS TOJOC U TOCEBA MO CHUCTEME
STRIP-TILL.

Ha puc. 3 (1 — HaBecHas cucrema, 2 — HOX
KyJIbTEPHBIA JTUCKOBBIM, 3 — JIMCK OYMCHOM,
4 — nIyOOKOPO3PBIXIIHTEN, 5 — TypOOaHCK, 6 —
KaTOK) IOKa3aHbl MPHUHIMIHAIBHAS CXeMa |
o0ImMii BUJ CEKUMM arperatra Juisi TOJOCOBOMU
00pabOTKU MOYBHI.
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Puc. 1. Ilapamerpel mosoc moJ IIOCEB
pa3IUYHBIX KYIBTYD.
a) Kykypysbl (1 — ock mepemenieHus 1010Ta

ITTyOOKOPBIXJIMTENS! M COIIHHMKA CESJIKA  C
Mexaypsaeem 70 oM, 2 —  momoca
pa3phIXIIEHHON MOYBHI, 3 — 30Ha
HEpa3pbIXJIIECHHON TIOYBBHI,

4 — 30Ha psjIKa),

6) con (1 — och MOJOCHI Pa3PHIXJIIEHHOTO
IpyHTa npu IIEepEMELLEHU N Jojiota
ITyOOKOPBIXIUTENS ¢ MexaypsabeM 90 cMm, 2 —
OChb NEPpEMCIICH UL COIIIHHUKa CCAJIKU C
Mexaypsiaeem 45 oM, 3 [mojoca
Pa3pBIXIICHHON TTOYBHI, 4 — 30Ha Ps/IKa)

Fig. 1. Bands dimensions for different crops
sowing:

a) of corn (1 — chisel plow bit and drill shoe
displacement axis with row spacing of 70 cm, 2
— loosened soil band, 3 — unloosened soil zone,
4 —row area),

b) of soybean (1 — the loosened soil stripe
axis during chisel plow bit moving with row
spacing of 90 cm, 2 — drill shoe axis movement
with row spacing of 45 c¢cm, 3 — loosened soil
band, 4 — row area)
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Typooaucku

- ®opmupoBaHue
BCITYILIEHHOM MOJIOCHI

- VilydiieHue ucrepcHOCTH
CTPYKTYPBI BEPXHETO CJIOS
TpyHTa B 30HE
(dopMUpOBaHUS TOCEBHOTO
J0%kKa

- Paspesanue u nedopmanus
KOMKOB

- BoipaBHUBaHuUE
MIOBEPXHOCTH MOJOCHI
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- 3menpyeHne KOMKOB

- YacTuuHOE yNJIOTHEHUE
MOJIOCHI

- BeipaBHUBanue
MIOBEPXHOCTH MOJIOCHI
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Typooaucku

- DOpMHUPOBAHHUE Y3KOU
BCIIYIICHHOM I1OJIOCHI

- YaydiieHue
JUCIIEPCHOCTH
CTPYKTYpPBI BEPXHEIO
CJIOS TPYHTa B 30HE
(dopmMHupOBaHUs
ITOCEBHOTO JIOXKA
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nedopmaius KOMKOB

- BolpaBHHBaHuE
MOBEPXHOCTH MOJIOCHI
Karok

- I3MenpueHne KOMKOB
Y3KOU I1OJIOCHI

- YacTu4HOE yIIJIOTHEHUE
30H [10CEBA MOJIOCHI

[Ipodune gHa

Puc. 2. cDYHKI_[I/IOHELJ'HJHI:Ie 0COOEHHOCTH pa6oq1/1X OpTraHOB CCKUOUHU IJIA (bOpMHpOBaHHH I10JIOC

o KyKypy3y (a) u coto (6)

Fig. 2. Section working bodies functional features for strips forming under corn (a) and

soybeans (b)
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Ta6auna 1. Vcxomupie TpeOOBaHUS K TEXHOJIOTHYECKAM IpolieccaM (GOPMHUPOBAH U TTOJIOC TS
moceBa KyKypy3bl U COU IIPU MOJIOCOBON 00pabOTKE MOUBBI
Table 1. Intial requirements to technological processes of bands formation and corn and soya

sowing in STRIP-TILL

3HaueHue MoKazaTelns 3HaueHue Mmoka3aTens
O06paboTka MoUBHI (OCEHB) [ToxazaTenp IToceB (BecHa)
ToJ1 KyKypy3y | mon coro KYKYPY3bl con
25-35 I'mybuna 06paboTKH, M 6 4
20-30 12 [[ImpuHa MOJIOCH, CM 15-20
70 90 [IuprHa MEXIYPALS, CM 70 | 45
10, 20 ['nyOvHa BHECEHHS YIOOpPEHUM, CM -
o 20 Pacturenbhbie OCTaTKI/(I) Ha 10 50 (30)
MTOBEPXHOCTH MOJIOCHI, %o
- KonuuecTBo 3ae1aHHBIX CEMSH B
CIJION cpenHel IITyOHHBI U B JIBYX 80
CMEXHBIX C HUM CII0sX, %

a) MPUHIHUIKATIbHAS CX€Ma CEKIUU ISt
MOJI0OCOBOM 00PaOOTKH TTOYBBI

0) oOuWii BUJ CEKITUU IS TIOJIOCOBOM
00pabOTKH MOYBBI
Puc. 3. TlpunnunuansHas cxema ¥ oOUWMiA
BHJ] CEKIIUH ITOJIOCOBOM 0OPabOTKH TTOYBBI
Fig. 3. Concept scheme and general
appearance of the section for STRIP-TILL
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[ToceB B Hape3aHHBIE MOJIOCHI HEBO3MOXKEH
0e3 CesUIKH, CEKIIMU KOTOPOH J0000pyIoBaHbI
pa3pe3HbIM KyJIbTEPHBIM JUCKOM u
3BE3/I0YKAMU OYHCTKH psimka (puc. 4).

Puc. 4. JlonomHutensHOE 000pyAOBaHUE
CCKIOUU CCAIIKHM JI paspe3aHrs PACTUTCIIBHBIX
OCTaTKOB U OYMCTKHU PsAOKa

1 — xynbTepHBIN AUCK, 2 — 3BE370YKa

Fig. 4. Drill section additional equipment for
crop residues cutting and row cleaning

1 — coulter, 2 — sprocket

Ha puc. 5 nokazaHsl B yCIOBUSX BBICOKOTO
coZiep KaHUs pacTUTENBHBIX OCTaTKOB
TEXHOJIOTUYECKUE Omepauuu  (GopMHUPOBAHUS
nojoc (a) u mocesa (0).

[lponenannass BbIme paboTa MO3BOJIKIIA
IIPOBECTU I1OCEB KYIBTYp KyKypy3bl M COM Ha
ydacTkax oOpaboTaHHbIX 1o cucreme STRIP-
TILL B cpaBHEHUHU ¢ KOHTPOJIBHBIM I10CEBOM 10
BCIAIIKE M OCYIIECTBUTh AarpOTEXHUYECKHUE
UCCIIEIOBAHUSL.
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Puc. 5. IloceB mo mojiocax ¢ BBICOKHM
COI[Cp)KaHI/ICM paCTI/IT CJIIBHBIX OCTATKOB

Fig. 5. Sowing on bands with a lot of plant
residues

Ha puc. 6 mpencraBieHo BCXOIbI KYKypY3bl,
COU U TIOCEBBI KYKYpy3bl B (ha3e pocTa U HaJIuBa
3€pEeH.

3a 2015 rom mnpu CpeaHEMHOTOJIETHEH
Hopme 587,6 MM Boimasio 392,4 MM OCaaKOB, TO
ecTb HabJrofanach HeXBaTKa OCAJKOB, KOTOpas
COCTaBJIsUIa 3a yKa3aHHBIM mepuox 195,2 mwm.
ITpn 5TOM OCaJIKu B TEYEHUE
2015 pacnipenensnuch KpailHe HEpaBHOMEPHO.

B Tedenme BereTamMoHHOTO — IepUOJA
2015 roma cymMma aKTHUBHBIX TEMIIEPATYp
(remmeparyp, Bbime 10 °C) cocraBisiia
3051,6 °C, uyro Ha 163,8 °C mnpeBbIacT
MHOTOJIETHIOIO HOpMY. 3a yKa3aHHBII Mepuop
BhITano 158,6 MM 0OCaaKOB, YTO 3HAYUTCILHO
HUKE  CPEIHUX  MHOIOJIETHUX  3HAUEHUMU
(~ 213,7 mm). Tlpu 3TOM 3HAYMTENbHAS YaCTh
BBIMTABIIIMX OCAJKOB B JICTHUE MECSIIBI, UMea
Xapakrep JIMBHS, WHOITA C TOPBIBUCTHIM
BETPOM.
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6. Bcxonpl kykypyssl (a), cou (0) u
MOCEBBI KyKypy3bl B (pa3ze pocTa M HalMBa 3epeH
(8)

Fig. 6. Corn seedlings (a), soybean (b) and
the corn crops in the growth phase and the grain
filling (c)

YuuTeiBas IpUBEIECHHBIE JAHHBIE O CPEIHUX
TeMIeparypax M CyMMax OCaJKOB, HaMH
OIpesieNieH TUAPOTepMUYECKHil KO3(pdULIMEHT
CensHUHOBa, KOTOpPBIA B  CpelHEM  3a
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BereralimoHHbId nepuon 2015 roma cocraBui
0,52, uYTrO0 HE COOTBETCTBYET CpPEIHEMHO-
rOJICTHEMY 3HAYEHUIO, a 3HAYUTEIBHO HHKE
HopMmbl (puc. 7). Konebanus mo aexamaMm mnpu
stoM coctaBisuio ot 0,00 (mepBas nexana
UIOHS) 10 2,14 (TpeThst AeKaaa UIos).
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Puc. 7. JluHamMuKka TUIPOTEPMHUUYECKOTO
ko3(ppunuenta Censaunoa B 2015 rogy mo
CPaBHEHUIO €O CPEIHUMH MHOTOJIETHUMHU
JTAHHBIMH
Fig. 7. Dynamics  of  Selyaninov

hydrothermal coefficient in 2015 compared to
the multiyear averages

Anamms JaHHBIX, MMPECACTABJIICHHBIX HaA PUC.

2015 roma OBLIH OJIaroNpUSITHBIMH.
BereratuBHast ¢aza pa3BUTHS SPOBBIX KyIbTYp
(koHel Masi — IOJIOBUHA MIOHS) IPOXOAMJIA B
3acynuiMBBIM - mepuona. ['eHepatuBHas (asza
pa3BUTHUS MPAKTUYECKA BCEX 3€PHOBBIX KYIBTYP
MpOXOJWJia B YCIOBMSIX HEAOCTAaTKa BJIATH,
korma I'TK CengHuHoBa JeXajd 3HAYUTEILHO
HHXE CPEJHUX MHOTOJIETHUX 3HAUCHUH.

[Iporpamma-meToauka TJIABHBIX
UCCIIeIOBaHU I BKJTIIOYAIIa dukcaruio
TEPMUYECKOTO  pEXUMa M  BJIQKHOCTH B
MOJIOCOBOM M MEXKITOJIOCOBOM ITPOCTPAHCTBAaX
Ha KyKypy3€ BBICESIHHOM 1O pa3IM4yHbIM
MpEe/IIeCTBEHHUKAM, a TaKKe

MIpeBAPUTEIHHYIO SKOHOMHYECKYIO OIICHKY.
HccnenoBanust 1MOCEBOB IO  TEXHOJOTUHU
STRIP-TILL  mpemycmarpuBasii ~ KOHTPOJb
TEPMUYIECKOTO pexuMa B noJsocax,
MEKII0JIOCOBOM NMPOCTPAHCTBE U B Bo3xayxe. Ha
puc. 8 TmpuBeneHa OUHAMHKA HW3MEHEHUS
temnepaTypsl Bozayxa ¢ 23.03.2015 roma mo
22.05.2015 roma. JluHamuka TeMIIepaTyp
CBUJCTEIBCTBYET O TOM, UYTO MEXKIIOJIOCOBOE
OPOCTPAHCTBO,  TOKPBHITOE  PACTUTEIHHBIMU
ocrarkamu, Tmpaktudecku Ha 2-5°C ¢ matel
moceBa (22.04.2015 r.) mo 22.05.2015 r. GbLI0
Ooree mporpeTsiM 4eMm cama mojoca. [Iporpes
Ha BcHamke (KOHTpoJb) Obla BhIe Ha 1,5-7 °C

9, maer OCHOBaHHWsI YTBEP)KIAaTh, YTO B MEPUO
> A YIBCPAATE, PHOL yem MPOTrPEB B MOJIOCE.
céBa MW MOSABJICHUA BCXOJOB OCHOBHBIX
o Ha PpHuC. 9 IMpUBCACHA JUHAMUKA U3MCHCHU A
CCIIbCKOXO31MCTBCHHBIX KYJIBTYpD (KOHCH o
N 3a11aCOB IPOAYKTUBHOM BJIArd.
ampens — Mai) THIPOTCPMHYCCKHE YCIOBHSI
30
4
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—— M0YBbI B M0/I0CE —8— MMOYBbI MEXY NoroCaMn —aA— BO3[yXa === KOHTPOJIb (nqua rnocre oceHHen BCI'laLLKVI) ‘ Oata

Puc. 8. I[I/IHaMI/IKa TCMIICPATYP BO3AYyXa U MOYBBI B I1OJIOCAX U MCKAYITOJIOCOBOM IMPOCTPAHCTBE

(na rmyoune 10 cm) Becnou 2015 rona

Fig. 8. Dynamics of the air and soil temperatures in the bands and inter-bands space (at a depth

of 10 cm), spring 2015
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OnHamMuka 3anacoB NPOAYKTUBHOW BNnarv B noyse
(cnon noysbl 0-40 cm)

23.09.2015
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3anac Bnaru B
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[ata ot6opa npob6

—— KyKypy3a no KyKyp., psgok —=— KyKypy3a Mo KyKyp., Mexaypsabe
—— KyKkypy3a no coe, psagok —< KyKypy3a no coe, Mexaypsabe
=¥ KOHTpOsib

Puc. 9. /lunamMuka 3armacoB MPOJYKTUBHON BJard B IMOYBE MPH IOJOCOBOM 00paboTke Ha
MMOCCBAX KYKYPY3bl ITOCJIC PA3JIMYHBIX MPCANICCTBCHHHUKOB B TCUCHHUC BCICTAIMOHHOIO IIECPpHOIad
2015 roma

Fig. 9. Dynamics of productive moisture reserves in the soil at band tilling on corn fields after
various predecessors during the growing season 2015

Tab6auna 2. TeXHMKO-IKOHOMHYECKHE MTOKA3aTEeH MOJIOCOBOMH 00paOOTKH MOYBBI
Table 2. Technical and economic indicators of stripe tillage

Tpanuunonnas o6paboTka STRIP-TILL
PosnensHbIl ciocod
Tpaxrop +Tspkenas 6opona (2-x | Tpakrop+arperar
pa3oBoe U3METbUCHUE) MTOJIOCOBOMA
Exnnuna Tpaxrop + p336paCBI]EaTeJ'IB 00paboTku
Iloxazarens (BHECEHUE yI0OpeHMHN) (opmupoBanue
M3MEpEHUS
Tpaxrop + miyr (maxota) T10JIOC)
Tpakrop +arperar Tpaxrop+cesuika
IPEAOCEeBHON 00pabOTKH (moceB)
(mTOATOTOBKA TTOYBHI O] TTIOCEB)
Tpakrop+cesika (1moces)
3arpatsl Tpyna YeJl.-yac 1,18 1,62
Pacxox TommBsa ja/ra 47,0 26,8
[Ipsimbie
SKCILTyaTallHOHHBIE rpH/Ta 1969,71 1301,1
3aTpaThl
DKOHOMMYECKHUI
addexr
DKCTUIYATAIMORHDBIX -~ o - (04) 1969,71(100) 668,61(34)
3aTpaT B CPAaBHEHUU C
TpaAULMOHHOU
00paboTkoit
DKOHOMHUS TOIIUBHO-
CMa304HBIX n/ra, (%) - 20,2(43)
MaTepHaoB
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MOoKHO 3aKII0YHTh, 4TO B cioe mouBsl 0-40
CM COJIep>KaHUE BJIATH B MOJIOCAX IS KYKYPY3bl
BBICESTHHON 1O KyKypy3e U cO€ SBJISETCS

Ay4IMM 1O CPaBHEHHI0O C  KOHTpOIEM
(Bcmaimka). HeoGpaborannas 4acTh
MEXIYpSbsl  €CTh  BIIATOYIACPKUBAIOIICH |

BJIATONOJAIUTHIBAIOIIEH 30HOM Ul IIOJIOC C
IIOCEBaMH.

[lo maHHBIM HcCcleNOBaHUM arperara ams
dopMHupoBaHUsL TOJOC 4-psAAHBIM arperarom
npeaHa3HAuYeHHBIM  JUIS  WCIIOJIB30BAaHUS B
MalbIX M CPEIHHUX XO3SMCTBAX YCTaHOBIICHO,
YTO pacxoj TOIJIMBA COCTABJISET OKoJio 22 J/ra
npu royouHe oOpabotku a0 25 cM. JlaHHBIN
arperar MOXeT M CIIOJIb30BAThCS TUTST
pa3AenbHOrO TEXHOJIOTMUYECKOIO Ipoliecca Mpu
(GopMUPOBAaHUHU TIOJOC C OCEHHU IMOJ BECEHHHI
IIOCEB KYKYpPY3bl U COH.

Ha ocHOBe »9THUX [JaHHBIX IIPOBENEHO
omnpeneneHue  dpdekra  OT  yMEHBIICHUS
OKCILTyaTal[MOHHBIX pacxofoB [22] (tabm. 2).
B pacwerax s 6a30BOMl  TEXHOJOTUH
TPaJMLIMOHHOTO BO3/EIbIBAaHUS HMCIOJIB30BAHO
5 TEeXHOJIOTMYECKHX Ollepaluil — JyIeHue,
BHECEHHE yI0OpEeHU, BCHAIIKY, IPEITOCEBHYIO
00paboTky mouBbl. [Ipu paszmenbHOM pexume
paboThl MCHONB3YIOT [JBE TEXHOJIOTMYECKUE
onepanuu dopMupoBaHUE  TOJOC C
OJIHOBPEMEHHBIM BHECEHHEM yIOOpeHUil u
I1OCEB, TO €CThb IpeABapUTEIbHbBIN
SKOHOMHUYECKU I s¢pexr YMEHBILCHUS
AKCILTyaTalMOHHBIX 3arpar KOMILJIEKCOM
MallliH MCIIOJIb3YEMBIM B MOJIOCOBON 00paboTKe
MOYBBl B XO3SMCTBAX MaJIOT0 W CPEIHETO
pa3sMepHO-PECYPCHBIX YPOBHEN CPaBHUTEIBHO C
TpaZuLIMOHHONW cucTteMoil cocraBiser 34 %, a
HSKOHOMHUS  TOpIOYE-CMa304HBIX MaTepuajoB
43 %.

BbIBO/IbI

1. TpeboBaHMEeM K KOMILIEKCY MAallMH IS
peanu3anuu KOPOTKOPOTAllMOHHOI'O
CeBO0OOOPOTa B MaJbIX U CPEAHUX XO3siCTBax
€CTb HEO0OXOJIUMMOCTh OOECIeUeHUs pa3IuuHON
HIMPUHBI MEXAYPSAIUI KyJIbTYp.

2. IlpeanoxeHo TeXHOJIOTUYECKUE MOIXO0/IbI
JUIsL  BBIpAlMBAHHUS  KYJIBTYp CEBOOOOpOTA:
000CHOBAaHO MapaMeTpbl MOJOC MO IOCEB
KYKYPY3bI " cou, OTIpe/ICTICHbI
(GyHKIMOHAJIbHBIE  OCOOEHHOCTH  paboumx
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OpraHoOB CEKUHU s GOPMUPOBAHHUS MTOJOC O]
KyKypy3y U COI0, 000CHOBaHa MPUHIMITHATbHAS
CXeMa,  PEKOMEHJIOBAHO  JOIMOJHHUTEIbHOE
000pyIOBaHUE CEKIIMH CESUTKH.

3. CopmupoBaHBI UCXOTHBIE TPEOOBAHUS K
TEXHOJIOTHYECKUM Tporeccam (GopMUpoOBaHUS
MOJIOC U TIOCEB KYKYPY3bl U COM IIPU MOJIOCOBOM
00paboTKe MOYBHI.

4. IlpoBeAeHHBIMM  arpoOTEXHUYECKUMHU
WCCICIOBAHUSIMUA, B YCIOBHUAX OOECHeUYeHHS
BJIaTu 3HAYUTEIIEHO HIDKE CpeIHUX
MHOTOJIETHUX 3HAYEHUU, YCTAaHOBJIEHO, YTO B
cioe mouBbl 0-40 cMm conepxaHue Biaru B
Iojocax Uil  KyKypy3bl  BBICESHHOM IO
KyKypy3¢ M CO€ SABJSIETCS JIyYIIUM IO
CpPaBHEHUIO c KOHTPOJIEM (Bcmaimka),
HeoOpaOoTaHHAss YacTh MEXAYPSAIAbS  €CTh
BIIArOYJIEP>KMUBAIOIICH 1 BIATOMOMUTHIBAIOIIICH
30HOM JUIS ITOJIOC € ITOCEBAMH.

5. DOxoHomuueckuii IPHEKT CHHKEHHUE
OKCIUTYaTallMOHHBIX PAcXoJ0B Ha arperar Io
CPaBHEHHUIO C TPAJAUIMOHHOM CHUCTEMOW ISt
XO3SIMCTB  MaJOr0 M CPEAHEr0 pPa3MEepHO-
pecypcHbIX ypoBHeW coctaBisier 34 %, a

SKOHOMHSI  TOpIOYe-CMa304HbIX MaTepuajoB
43 %.
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TECHNICAL AND TECHNOLOGICAL
SOLUTIONS FOR STRIP-TILL

Summary. Different tillage systems with their
advantages and drawbacks are used in Ukraine.
The choice of a rational system of solil
cultivation is the key element influencing the
energy and labor costs of crop production and,
ultimately, the cost of production. Strip-till
technology is promising from the viewpoint of
resource conservation, rational and efficient use
of fertilizers and management of crop residues.
This system is being implemented intensively
on farms in Ukraine, but there is limited
information on the technological schemes, the
requirements to technological processes of
bands formation and sowing, the choice of
working bodies, technical solutions.

Information about hydrothermal properties of
the soil in strips and inter-strips space,
especially in drought season is limited also. The
planned effect of the introduction of machines
complex for this technology is of great
importance.

This article provides answers to these questions.
The principles of implementation of the process
are formed, the initial requirements to the
parameters of the bands, the presence of plant
residues, quality planting crop rotation — corn
and soybeans are prepared, feature of designs of
machines for forming bands and planting is
defined, field researches of  agronomic
performance of crops — the temperature and
moisture content in the bands and inter-bands
space are performed, preliminary calculations of
the economic effects are made.

Key words: soil cultivation, STRIP-TILL, strips
(bands), technology, technical solutions, the
initial requirements, temperature, soil moisture.
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AHHOTaLHA. Beimonnen aHanu3
CYLLECTBYIOILIETO  COCTOSIHUSL ~ MCIHOJIb30BAHMS
WUT-texHonmormii [y yHmpaBJICHUS arpapHbIM
IIPOU3BOACTBOM. Beizenenst "
IIPOAHAIU3UPOBAHbI CEMb OCHOBHBIX
HaIpaBJICHUU o Pa3BUTHUIO
aBTOMATU3MPOBAHHBIX CUCTEM  YIPABICHUS
COCTaBJIIIOLIMMHU  arpapHOro  NpPOM3BOJICTBA,

KOTOpbIE€ TO3BOJIMJIM 3aKIOYUTh O BaXXHOCTHU
WCIIOJB30BAHUS MX JJs TPAKTUKH, A TaKKe
1€J1eCO00Pa3HOCTH pa3paboTku
MHTETPUPOBAHHBIX CUCTEM YIPABIECHHUS, B
YaCTHOCTH, CHCTEM HOAJCPKKUH HPUHATHUS
pELICHU . CucreMHBIN HOIXOJI K
(YyHKIIMOHUPOBAHHUIO  CEJIBCKOXO3SHCTBEHHBIX
pOU3BOAUTENEHN MTO3BOJIHII 0003HaYUTh
OCHOBHBIE (CHCTEMHBIE) KX COCTABJISIOIIME, a
TaKKe NPUYMHHO-CIIEICTBEHHBIE CBS3U MEXIY
HUMHU. BblaeneHsl Be INIaBHbIE CUCTEMBI 3THUX
IIPOU3BOJIUTENIEH — TEXHUKO-TEXHOJIOTHYECKYHO
U OpraHHU3allMOHHO-TEXHUYECKYIO. PacKpbIThI
B3aMOCBSI3M MEXAY OJTHUMH CHCTEMaMu H
0003Ha4YeHbl UX MapaMeTpbl (KoHurypanus). B
OpraHu3alMOHHO-TEXHUYECKOU cucreMe
BBIJICIECHO CHUCTEMY TOJICPKKM TPUHATHS
peleHn, a Tawke 0003HAYeHbl OCHOBHBIE €€
COCTaBJISIIOLLKE. PackpsiTO MIPOEKTHO-
TEXHOJOTMYECKUH MOAX0J K OOOCHOBAHUIO
KOH(UIypanuu (mapameTpoB) CHUCTEMBI
MOJUIEPKKM MPUHSATHS pelieHui. B yacTHOCTH,
paccMOTpEHO HEPapXUUYECKYIO CTPYKTYpPY
KOH(UTypaIuu pacTEeHUEBOAUECKOM
TEXHOJIOTUYECKOW cucTteMbl. KoHuenTyansHO
PaCKpPBITHI YKpYITHEHHBbIE MPOIIECCHI
yIpaBlieHUs KOH(QUTrypamuei CoCTaBIISIONMX
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3TOU CHUCTEMEI. YcraHoBJeHO, 4qTO0
KOH(UTYpAI¥si CHCTEMbI TOJIEPIKKH TTPUHSTHS
pemeHuii  OJDKHAa — OOOCHOBBIBATBCS IO
pe3ynbTaTaM OIpeaeieHus KOHPUTrypamuii Bcex
COCTaBJISIOIIMX PaCTEHUEBOAUYECKOU
TEXHOJIOTHYECKON CHUCTEMEI.

KawueBble cioBa:  pacTEHHEBOJICTBO,
CUCTEMA, YIIPABJIEHUE, MPOEKTHI, TEXHOJOTUH,
koHQurypanus, UT-rexnonoruu.

[NOCTAHOBKA ITPOBJIEMbI

B ycnoBusx ro0aibHOrO  M3MEHEHUS
KIMMaTa M pocTa MHUPOBOW MOTPeOHOCTH B
MPOJAOBOJILCTBUM BO3HHUKAIOT HOBBIE 3a7a4d
nepell arpapHod Haykold IO CTpaTrerud |
TaKTUKE PAa3BUTHUSL arpapHOro IPOU3BOJCTBA,
MOBBIICHUIO ero d¢dekruBHOCTH. CTaHOBUTCS

OYEBUIHBIM, YTO B HEAAJIEKOM OymIyIiem
OCHOBHBIE €ro pecypchl — 3eMiis, BOoJa H
arpoMeTEeOpPOJIOTUYECKUE  YCIIOBHUSL  JIOJKHBI

HUCIIOJIB30BATECA KaXKJbIM TIOCYAApCTBOM TaKUM

obpazom, YTOOBI  HE  CHH)Kas  YPOBHS
BHYTPEHHEU IIPOAOBOJILCTBEHHOMN
0€e30ImacHOCTH, HOOMTLCI KakK MOXHO Ooliee
MOJHOTO  oOecreueHuss  MPOJAOBOIbCTBHEM

JIpYrux rocygapcTB ¢ ero neduiutoM. Hmes
3HAYUTEIIbHBIN pecypCHBIi MOTEHIAAII
arpapHoe NpPOU3BOJCTBO B YKpawHE, SBJISACTCH,
K COJKAJICHWUIO, JHEPro3arpaTHbIM, B OCHOBHOM
naryoHbIM JUTS ITIOYBEHHOTO ITOKPOBA
3€MEJNIbHBIX PECYpCOB (CENbCKOXO3sM CTBEHHBIX
yroguit).  OCHOBHOM  HPUYMHON  TaKoro
MIOJIOKEHUS SIBJISIETCSL HEKAYECTBEHHOE

yIpaBJCHUE OTPAcIbld KaK CO CTOPOHBI
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I[TPOEKTHO-TEXHOJIOI'MYECKHE TIPEJAIIOCBUIKU YIIPABJIEHMA AI'PAPHLBIM
[MIPOM3BOJICTBOM HA OCHOBE UT-TEXHOJIOT Ui

rocyllapcTBa, TaK M CEIbCKOXO3SICTBEHHBIX
MPOU3BOAUTEIICH (CXII), KOTOpOE
00yCITaBIMBAETCS OTCYTCTBHEM JIOCTOBEPHBIX
(OOBEKTUBHBIX) 3HAHMH O 3aKOHOMEPHOCTSX
MOBEICHUsT OOBEKTAa YIpaBlIEHUs (arpapHoOro
MPOU3BOICTBA) IMPU MPUMEHEHHE TEX VI HHBIX
yrpaBiieHYeckux pemieHUuH. CylecTByromme
CHUCTEMBI YIIPaBIEHUS OSTUM MPOU3BOJCTBOM
XapaKTepu3yrTCs CYOBEKTHBU3MOM,
OTCYTCTBHEM  HAJC)KHBIX HHQPOPMAIHOHHBIX
CPEACTB TOIICPKKA TPUHITUS pEIICHUH Ha
ocHoBe UT-TexHonoruii.

AHAJIN3 TTOCJIE/IHAX UCCJIEZIOBAHUIA
1 TTYBJIVK ALIANA

[Tpobnembl YIIPaBJICHUS CJIOKHBIMHU
CHUCTEMaMU PAcCMAaTPUBAIUCH B TPyJAaX MHOTHX
yuenbiX [1, 2]. B mocnemnue Ttpuamnate Jer
OypHO pa3BHBAIOTCS 3HAHHS MO YIPABICHHUIO
npoekramu [3], 1eTb KOTOPBIX CBOJIUTCS K
CO3aHUI0  CTaHAAPTOB  COOTBETCTBYIOIICH
nesitenbHocTd.  Kpome Toro, mpoaomkaroT
pa3BUBAaThCS 3HAHUA 1O MEHEHKMEHTY [4], B
YaCTHOCTH, B arpapHoii cepe [5]. TosBastores
MyOJIMKAIUH no YIIPaBJICHUIO 3TUM
MPOW3BOJICTBOM Ha OCHOBE TnpumeHeHus UT-
TexHosoruid [6]. OmHako OHM B OCHOBHOM
KacaroTCsl OT/ICIBHBIX €ro cocTaBstonmx [7, 8, 9].

Takum  oOpa3oM, aHanu3  yKa3aHHBIX
MyOJIMKAlUil 1aeT OCHOBAHUS yTBEPkKAATh, YTO
Kak B MHpE B LI€JIOM, TaKk U B YKpauHE B
YaCTHOCTH, BOIIPOCY YIIpaBJICHUS
MPOM3BOJICTBOM arpapHoil NMPOAYKIUU XOTS U
yaensiercss JAOCTaTOYHO BHUMAHMS, BCE KeE
npo0iieMa 0OCTaeTCsl HepeIeHHOM .

[NOCTAHOBKA 3AIAUN

KonnenrtyanbHo  packpblTb  MPOEKTHO-
TEXHOJIOTUYECKUE MPEANOCHUIKA  YIPABICHUS
arpapHbIM MpPOMU3BOACTBOM Ha ocHoBe MUT-
TEXHOJIOTHH.

N3JIOKEHME OCHOBHOI'O MATEPHAJIA

Ceronust B arpapHoii cdepe Bce OoJbliee
pacnpocTpaHeHue pUOOpPETAIOT nT-
TEXHOJIOTUU, KOTOpBbIE KacaloTCsi pa3IuyHbIX
VIIPaBJICHYECKUX CHCTeM (Tabi.). B wacTHOCTH,
ATH TEXHOJIOTUU HCIOJIB3YIOTCS B MOOHMJIBHOU
CEIBCKOXO3IMCTBEHHOW TEXHUKE W MAaIlMHHBIX
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arperatax HOBOTO MOKOJICHU L. Onu
00ecTeynBalOT CHIKEHUE HAIMPSHKEHHOCTH B
paboTe omepaTopos.

ABTOMAaTUYECKAM KOHTPOJIb TEXHHYECKOTO
COCTOSIHMSL ~ DJIEMEHTOB  MallMH  I103BOJISET
MOBBICUTh A(MPESKTHBHOCTh WX TEXHHUYECKOTO
oOcmy)kuBaHusi M peMoHTa. lcmonb3oBaHue
WUT-texHomoruii g BOXIOEHUS MAaIIMHHBIX
arperaTtoB, ydeTa MEXaHH3MPOBAHHBIX paldoT,
pacxojia TOIJIMBA, a TAaKKe 3arpy3Kd TEXHUKU U
paboTel  OMEpaToOpoB MO3BOJSET IOBBICUTH
3(peKTHBHOCTH pPacTEeHHEBOTYECKUX
npoueccoB. Mcnonb3zoBanue MT-texnonornii B
TOYHOM 3emuiefienuu [13] sBasieTcss OCHOBOM
MOBBIIIEHUE YKOJIOTMYHOCTH U HIKOHOMHUYHOCTH
PacTeHHEBO/ICTBA.

Crnenyer Takke OOpaTUTh BHUMaHUE Ha
HCIIOJIb30BAHUE UT-TexHonoruit B
reoMH(OPMALIMOHHBIX ~CHCTEMaX MPOrHO3MPOBAHMS
ypo)Kas CEeIbCKOXO3MCTBEHHBIX KyabTyp [16].
CootBercTBytomass MHQopManus HYXKHa s
YIIpaBJICHUS pBIHKaMU 3epHa "
IMPOTHO3UPOBAHHUS €70 CTOUMOCTH.

Takum o00pa3oM, Ha OCHOBaHWUHU aHaIHM3a
NpakTUKA U HAyKd IO ucnoib3oBanuto MT-
TEXHOJIOTUH B YINPaBIEHUH  arpapHbIM
MPOU3BOJICTBOM MOXHO CJENaTh BBIBOJ, YTO
pa3zpaboTraHHble HWHMOPMAIMOHHBIC CHCTEMBI
KacaeTcs  YNpaBJIEHUS  OTHENbHBIMU  €ro
cocTaBisironmMMU. Haykolt eme He co3IaHBbI
KOMIBIOTEPHO-UHTETPUPOBAHHBIE CUCTEMBI JIJIs
yIpaByieHUsT GYHKITMOHUPOBAHUEM U PA3BUTHEM
3TOTO MPOU3BOCTBA.

KonuenrtyanibHo paccMOTpUM  TPOEKTHO-
TEXHOJIOTUYECKUE MPEANOCHIIKI  YIPAaBJICHUS
arpapHbiM Mnpou3BoAcTBoM Ha ypoBHe CXII.
Jns 3TOro MCHoib3yeM CHCTEMHBIM MOIXO/,
KOTOPBIM TO3BOJSIET BBIJACIUTH JBE OCHOBHBIE
MTOJICUCTEMBI (cuctemsl) TEXHUKO-
TEXHOJOTUYECKYI0 (Z) ¥ OpraHu3aluoOHHO-

TexHuueckyto (ympasieHueckyo) (U) (puc. 1)

[25, 26]. Kaxmas ©3 HHX BBINOJHIET
COOTBETCTBYIOIIHE byHKIINH, KOTOpbIE
COBOKYMHO  00ECIEYMBAIOT  ITPOU3BOJICTBO

PacTEHHEBOAYECKON POAYKIIUH.

B 3TOM ciyuae TEXHMKO-TEXHOJIOIMYECKas
cucrema (TTC) HEMOCPEACTBEHHO
OCYIIECTBJISIET KaueCTBEHHBIE MPEOOpa30BaHUS
IIOYBBI, CEMsH, YAOOPEHMIl U BBIPAILEHHOIO
ypoxkas, a  OpraHM3allMOHHO-TEXHHYECKas
(OTC) — obecrieurBaeT CO3JaHHME YCIOBHIA,
yTOOBl 3TU MpPeoOpa3oBaHUs MPOUCXOTUIH
KaueCTBEHHO, CBOEBPEMEHHO U 3(HPeKTHUBHO.



AJIEKCAH/IP CUIOPYVYK

Taoauna.

OcHOBHbIE HampaBJeHUsT U Pe3yIbTaThl

ucrnonb3oBanuss UWT-texHosorui B

yYHpaBJICHUH MalllMHAMH U IPOU3BOACTBOM paCTeHI/IeBO,[[‘{eCKOP'I MNpoAYKIIMH
Table. Basic directions and results of the application of IT technology in the machine control
and production of field-production

Ne Hanpasnenus
/i HCONE3OBAHIS VYnpasisieMble IPOIECCHI Pesynbrarst

1 | Unrennexryanu3anus Paboune nporeccol CHuXeHne HanpsDKeHHOCTH
MOOUJIIbHOM MEXaHU3MOB, y3J10B U paboTsl oneparopa
CEJIbCKOXO351CTBEHHON arperaTton
texauku [10-13]

2 | KoHTpOab TEXHHYECKOTO IIponeccsl n3mMeHeHUs [NoBerenue 3¢dexruBHOCTH
COCTOSIHUSI COCTABJISIFOIIMX TEXHUYECKOTO COCTOSIHUSL | OOCITYKHBAaIOIe-PEMOHTHBIX
manmH [14-15] COCTaBJISIFOUMX MallliH pabot

3 | BoxkaeHue MaMHABIX [Iporecchr ABUKEHUS [ToBblIlIEHNE TOYHOCTH
arperatoB 1o nmoJisim [17-19] | ManmHHBIX arperaTton BOXJICHUS

4 | Yyera pacxona roprouero u | Ilpormeccel pacxona [NoBwimenne YpheKTUBHOCTH
00BbeMa BBITOJIHEHHBIX roprouero u oorema BBITTOJTHEHUS
MEXaHU3UPOBAHHBIX PabOT BBIITOJTHEHHBIX MEXaHHU3UPOBAHHBIX PaboOT
[20-22] MeXaHU3UPOBAHHBIX

pabor

5 | Yuer ucnoap30BaHus [Tpouecc yuera 3arpy3ku | [ToBbimenue 3ddexruBHOCTH
MOOUITEHOM TEXHUKU U OTIEPaTOPOB UCII0JIb30BAHUS TEXHUKU U
CEJIbCKOXO035IICTBEHHON OTIEepaToOpoB
TEXHUKH U pabOTHI
oreparopos [7—9]

6 | Tounoro 3emiuenenus KoHTposs cocTostHusA IloBbIlIEHNE KOIOTHYHOCTH
[23, 24] MOYBBI 1 BHECCHHUSI ¥ YKOHOMUYHOCTH

MEITHOPAHTOB (YI0OpEeHHiT) | MPOU3BOCTBA

7 | F'eomoHUTOPUHT KoHTpons cocTosHus IloBbllIEHNE TOYHOCTH

noceBoB [16] IIOCEBOB MIPOTHO3UPOBAHHUS YpOKas

R

Puc. 1. Cxema cucteMbl TPOU3BOJICTBA PACTCHUEBOIUECKON MPOMYKIIUHU: X — XapaKTEPUCTUKU
BXOJALIICTO ITOTOKa Tpe60BaHI/II71 Ha BBIITOJIHECHHUEC PACTCHUCBOAUYCCKHUX ITPOCKTOB, Z— nmapaMeTpsbl
TEXHUKO-TEXHOJIOTUYECKON CHCTEMBI, R — XapaKTepUCTUKH PECYPCHOTrO OOECreueHUs! MPOEKTOB,
Y — nmokazaTenud NPOU3BENCHHOW mpoxykuuu, |,l,,1,,1, XapaKTePUCTUKUA  BXOJSIICH
uHpopmaruu, U — mapamMeTpbl OpraHU3alMOHHO-TEXHUYECKOM (YIpaBJEHYECKO) CHCTEMbI
(moacucremsl), K, K, K, — MOKa3aTeIu BBIXOASLUMX PACTIOPSHKEHUM (KOMaH )

Fig. 2. Scheme of crop production systems: X — the characteristics of the incoming flow of
requests to perform crop projects, Z — technical and technological parameters of the system
(subsystem), R — Characteristics of resource maintenance projects, Y — indicators of output,
I.,l,,1,,1, — characteristics of the input information, U — organizational and technical parameters

(management) system (subsystem), K, ,K,,K, —performance outgoing orders (commands)
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I[TPOEKTHO-TEXHOJIOI'MYECKHE TIPEJAIIOCBUIKU YIIPABJIEHMA AI'PAPHLBIM
[MIPOM3BOJICTBOM HA OCHOBE UT-TEXHOJIOT Ui

KauecTBeHnHble npeoOpa3oBaHus yYKa3aHHBIX
NPEIMETOB TpyJda OCYIIECTBIISIOTCS Onarojaps
HCTOJIb30BAHUIO arpapHbIX TexHosoruid. OHU B

paspese OTJIENIbHBIX ToJIeH,
CEIbCKOXO3MCTBEHHBIX KyIbTYp M  BHJIOB
MEXaHHU3UPOBAHHBIX pabor oOpasyroT
COOTBETCTBYIOLIE MPOCKTHI, KOTOpbIE

OOBENMHSIOTCSI B IpOrpaMMbl U MOPTQENH.
VYnpaBieHue 3TUMH IPOEKTaMH, IporpaMMaMu
u noprdensmu ocymectBisiercss OTC, koTopas
BKJIIOYAET MEHE/DKEPOB M CHUCTEMY MOJIEPHKKH
npunsatus pemenuit (CIIIIP). Menemkepsr ¢
nomonmio CIINP pemaroT ympaBieHYECKHE
33J1a4d ¥ Ha OCHOBE JTUX PEIICHUU BBIJIAIOT T
UM WHble KOMaHAbl (K) 1O BBIMOTHEHUIO
pPacTEeHUEBOTYECKUX MPOEKTOB, KOTOPBIE MOTYT
KacaTbCs KaK BXOJAIIETO TIOTOKAa TPEOOBAHHIMA
(X), Tak ¥ TEXHUKO-TEXHOJIOTHUYECKON CHCTEMbI
(2), nm xe ee pecypcHoro obecriedenus (R).

VYuuteiBas U3JI0KEHHOE, MOKHO
yTBEP)KAaTh, YTO IMapaMmeTpbl cucteM Z u U
UMEIOT MEXIY COOON CBSI3M, KOTOPBIE CIEIYET
yunutbiBath nipu cosznanuu CIIIP. Ot cBszu
Ha3bIBAIOTCSI ~ BHYTPEHHUMH  CHUCTEMHBIMH
CBS3IMH, KOTOpPbIE B  HESBHOM  BHUJE
3allMCHIBAIOTCS BHIPAKEHHUEM:

Y = f(X,Z,R1,UKT),
rne: Y MOKa3aTeNd  MPOU3BEICHHON
pacTeHHeBOAUYECKOM mpomykuuu, X, Z
COOTBETCTBEHHO XapaKTEPUCTUKU BXOASILETO
noToKa  TpeOOBaHMI  HA  BBINOJHEHHE
pPAcTEHUEBOMYECKUX IIPOCKTOB M IapaMeTphI
TTC nns ux BBITIONHEHUS, R — XapaKTepUCTUKH
pecypcHoro obecrieueHus MpoekToB, |U,K —
COOTBETCTBEHHO XapaKTePUCTHKH  BXOJSAIICH
uHdopmaruu, napamerpsl OTC u nokaszarenu
BBIXOJAIIMX KOMaHj (pacrnopsbkeHuit), T
MPOJIOJKUTENIbHOCTD (YHKUIMOHUPOBAHUS
PaCTEHUEBOAYECKON CUCTEMBI.

3T10 BBIP2KCHHE XapaKTepu3upyer
CHUCTEMHYIO  3a/lauy CHHTE3a MHOXECTBa
apryMeHTOB, OOYCIaBJIMBAIOINMX IOKa3aTeNn
(pynKIIHIO) MPOU3BEIACHHON
PacTeHHEBOAYECKON MPOIYKIUH.

Jns onpenenenus napamerpoB TTC (Z) u
OTC (U ), nexanmx B ocHoBe co3aanus CIIIIP,
pemmroTcs 3aayd  aHanuza. B wactHOCTH,
OJIHOM M3 TaKWX 3aJay SIBJISETCS OIpENEIeHHE
COOTBETCTBUSI MEXKIYy XapakTepuctukamu (X)
BXO/IAILIETO MOTOKa TpeGoBaHM Ha
BBITIOJTHEHUE PACTCHUEBOIYECKUX MPOEKTOB H

(1)
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napametpamu (Z) TTC. OmnpeneneHue 3TOro
COOTBCTCTBUA ABJISICTCA OﬂHOﬁ N3 OCHOBHBIX
¢ynxkuuit OTC (U ). He BoaBasice B mirybokoe
000CHOBaHUE MeTo/1a OTIpE/ICTICHUS
COOTBETCTBUS MEXAy X U Z, OTMETHUM, YTO B

9TOM  CIy4ae NPUYHHOU (aprymeHTOM)
sBisietcst X, a crnencreueM ((dyHkumeit) — Z.
CBs3p MEXIYy 3TUMM BEIMYMHAMHU OINPEIEIAeT
TpeOOBaHMUsI K  IOTOKaM  HMHQOpMaLUU
IV PN ) O a TAKKe OpeaoNpeacisieT
napametpel OTC:
U'=f(X,Z,Y,R). 2)
B T0 X Bpemsa, 3Ta 3aBUCUMOCTb

npeaonpeaenseT mapamerpbl (KOHPUTYPAIIHIO)
CIIIP. Amnamusupys mnapamerpel (U ) OTC,
MOYHO BBIICTUTH CIIE/TyIOIIHE ux
COCTaBJISAIOIIME: 1) MEH eJ[KEePbI Cwm,
2) ynpaBJIeHUECKHE 3aJaud 3, 3) TEXHUYECKUE
cpeacrtBa  Tn, [  aBTOMAaTH3MPOBAHHOTO
peleHus YIpaBIECHYECKUX 3ajady,
4) TeXHUYECKUE CpeNICTBA TH; AJi ONpPEeIeHUs
COCTOSIHMSI COCTaBJISIFOIIMX PAcTEHUEBOAUECKUX
TEXHOJIOTUYECKUX CHCTEM (X,ZY,R),
5) KOMMYHUKAIITHOHHBIE TEXHUYECKUE CPEICTBA
THy, 6) anTOPUTMBI PEIICHHUS YIPABICHUYECKUX
3a1ay Az, 7) nporpaMMHbIE NPOLYKTHI [/n, Uit
aBTOMAaTH3MPOBAHHOTO peteHus
VIIpaBJICHYECKUX 3amad, §) 0a3sl AaHHBIX 5O,
HCIOJIb3yeMBbIX TUTS yIpaBJICHUS
PacTeHHEBOIYECKUMHU MPOEKTaMHU
(mporpamMamu, noptdensimu), 9) 6a3pl 3HAHUM
b3 st yripaBneHuUs STUMH TPOSKTaMHU:

U=(Cw, 3, Tu, Tu, Tn,, An, IIn, 5o, bs). (3)

Kaxxnast U3 STUX COCTaBIISIIOIMX SIBIISIETCS
MHOECTBOM, KOTOPOE OTOOpa)kaeT mapaMeTpbl
(koH(UTrypani0) COOTBETCTBYIOIIMX CHUCTEM.
Menemxepamun  OTC  sBissroTCS  OOBIYHO
CHELNATUCTHI arpOHOMbI, HMHXEHEpPhl U
SKOHOMHCTBHI, KOTOpPbI€ OOOCHOBBIBAIOT W
NPUHUMAIOT PEelIeHUs O BbIJaue TeX UM MHBIX
pactiopsbkeHUM  (KOMaHjJ) MO  pealu3aluu
COOTBETCTBYIOIIMX TPOEKTOB. MMeHHO ist
MOBBIIICHUST KauecTBa JSTUX PACHOpPSHKECHUUN

cOo3J1aeTcs CIIIIP, KOTOpas ~ BKJIIOYAeT
cocraBjironme 3, Twu , Tn,, Tn_, An, IIn,, bo, b3.
T COCTABJISIIOLIME u o0pa3zyrot

koHuryparuto CIIIIP.

PaccmatpuBas CIIIIP, kak mHCTpyMEHTapUil
IS yIpaBJIeHUs PacTeHHEBOIYECKUMHU
IpOEKTaMH, MporpaMMaMd U HOPTQeNsAMH,
OPUXOAUM K BBIBOJAY, YTO OHA JOJDKHA MMETh
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TaKyo KOH(UTYpaITHIO, KOTOpas OBl
oOecrieunBaia peleHue KOHEYHOTO MHOYKECTBA
VIIPaBJICHYECKUX 3aJa4, KACAIOUMXCA TaKUX
OCHOBHBIX CHCTEMHBIX COCTaBOIMX: 1)
arpoMeTeOpPOIOTHYECKUX ~ YCIOBHH  (4y), 2)
KOH(uTyparuu 3emMenbHbIX pecypcoB (K 3p), 3)
KOH (purypanuu pacTeHNuEeBOAYECKOM
OPOAYKIUH, MPOU3BOJUMON  aBTOHOMHBIMH
CXII (K PII), 4) apxutekryppl HnporpamMm u
noprdesnell  COOTBETCTBYIOIMX  IIPOEKTOB,
peanu3yeMbIX ~ Ai8  IPOU3BOJACTBA  3TOH
npoaykuuu (A PIII), 5) koudurypanun MTO,
peaan3yeMoro pacTeHUEeBOIYECKUE MPOrpaMMbl
u noprdermu (K MTO), 6) xordurypauuun OTC
(K OTC), 7) xoudurypauuu CIIIIP (K CIIIIP)
(puc. 2: Ay, K 3P, K PII — cooTBeTcTBEHHO
arpoMeTeOpPOIOTHYECKUE YCIIOBUS,
KOHQUIypaluss  3eMENbHBIX  pPEeCcypcoB  H
KOH(UTrypalluy IOJEBOJUECKON MpOIyKuuH, A
PIIII — apxuTekrypa pacTEHUEBOIYECKUX
nporpamm  u  noprdeneir, K MTO -
KOH(Urypamuss  MalMHHO-TEXHOJIOTUYECKOTO
obecieuennsi, K OTC — koHdurypanus
OpraHu3alMOHHO-TeXHUYeckux  cucteM, K
CIIIP — xoHdurypamus cucTeM MOJJIepKaHUs
HOPUHSATHS pelieHus). Mexny KOHpUTypaiusIMu
YKa3aHHBIX COCTABJIIOUIMX PACTEHUEBOAUECKUX
TEXHOJIOTUYECKHUX CUCTEM CYILECTBYIOT
CUCTEMHBIE MPUYMHHO-CIIEJICTBEHHBIE CBS3H,
KOTOpBbIE OIIpENIeNIAIOTCS pe3yabTaTaMu
peLIeHUs yIPaBJICHYECKUX 33/1a4.

Kaxnas m3 ykazaHHBIX KOHQUTypauuil u
apXUTEKTypa PAacTEHUEBOMYECKUX IPOrpamMM U
noptdeneil ABISETCS Pe3yAbTaTOM YIPABICHHS

COOTBETCTBYIOIIEH COCTaBJISIOILCH ATUX
CUCTEM.

VYnpasnenue KOH (purypanmei
pPacTeHUEBOAUYECKOM MPOIYKIHHU

OCYILECTBIISIETCS MO KAXJIOMY M3 MHOXXECTBA
MPOEKTOB, 00ECTIEYMBAIOUIMX €€ MPOU3BOICTBO.
B TO ’xe Bpems, MHOXeCTBa 3TUX IPOEKTOB,
00BEIMHEHHBIX B MPOTpaMMbl WUIU MOpTheH,
COOTBETCTBEHHO O00pa3ylOT WX apXUTEKTypy,
yIpaBJieHUE KOTOpPOI o0ecrieunBaeT
dopMupoBaHue KOH(UTyparuu
COOTBETCTBYIOIIEW IPOAYKIMH, IMPOU3BOAUMON

teM miad WHBIM CXII. YuumTeIBas 3T0, MOXKEM
CUCTEMHO OTOOpa3uTh CTPYKTYPY YCJIOBHO
3aBEPLICHHOTO nporecca yIpaBlICHUS
KOH(HTYyparuen PacTeHUEBOAUYECKOU
npoaykuuu (puc. 3, a).

IIpouecc YIIPaBJICHUS APXUTEKTYPOU
PacTEeHHEBOAUYECKUX MporpaMM U moptdeneit
0asupyeTcss Ha TEXHOJOTUYECKUX 3HAHUIX O
BBIpAlMBaHUH u yoOopke
CEJIbCKOXO3SMCTBEHHBIX  KYJIBTYp,  KOTOpBIE
MO3BOJISIOT  MpEACKa3aTh IO KKIOMY ¥ -0
MOJIIO, Ha KOTOPOM BBIpAIMBACTCS
(cobupaercsi) k-a  CcelbCKOXO3sHCTBEHHAs
KyJIbTypa, XapaKTepHOE MHOXECTBO ITPOCKTOB
{p}, (MexaHM3UpOBaHHEIX paboT). Ilpomecc

yrpasieHus (V,, ) MHOXECTBOM {p} , MPOCKTOB
BBIPAXKACTCS:

Vi Aph 247w} =T, (4)
rae.  Th, ~ —  TEXHOIOTMYECKAE  3HAHUS

(vadopMaIs) 0 BhIpAlMBaHUKM M YOOpKe K-if
KyIBTYpsl Ha y-y TOIE, {7,,} — MHOXECTBO
MOCIIEI0OBATEIBHBIX IPOEKTOB o
BBIPALIMBAHUIO M YOOpke K-il KyJbTypbl Ha y -y
1oJje, KOTOpoe 3aJaeTcs TeXHonorueH (7, ).
MHoxecTBO 1npoektoB  {p} ,  (popmupyeT

MporpaMMy MPOM3BOJICTBA PACTEHUEBOIUECKOM
MPOAYKIIMK Ha Oa3e K- celbCKOX03si CTBEHHOM
KynbTypbl. YuuTsiBas To, uro CXII npoussoasar
MHOTOHOMEHKJIaTYpPHYIO HPOJYKIUI0, TO UX
IIPOrpaMMBbl ABJIAETCS
MHOTOHOMEHKJIATypHBIMU. YIIpaBlleHUe Yxpry
HOMEHKJIaTypou (xoH(urypanuei)
PaCTCHMEBOAYECKOM  MPONYKIUU  ITO3BOJISET
OTIpENIeNUTh KOH(UTYpaIio COOTBETCTBYIOLX
porpaMM H MOpTQenel, a Takke, Kak yxe
OTMEYaJIOCh, UX APXUTEKTYPY:

,} = ;;{p},k , (5)

rae.  {II,} — MHOXKECTBO MPOrpaMM IO

\%4

KPIT * {

BHIpAIIMBAaHUIO U YOOpKe K-X KyabTyp Ha y-X
HOJISIX.

( ) ) m> ) P,m> KMT()) KOT(,) Kcm>

CxeMa
TEXHOJIOTUYECKAX CHCTEM

uepapxuyeckon

CTPYKTYpbI

KOH(UTypallud  PaCTEeHHEBOIYECKUX

Fig. 2. Circuit configuration of the hierarchical structure of the crop of technological systems
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§
Tn

A 4

T K PIT
N Ay K 3P
Ay, A vrkrn J| KPII o Vapmmn o| 4Pprmm
K3
r)
Tn, Mo B) l—' Tn, Mn, 3
K OTC
A PIIl N KMTO VK CIIIIP K CIIIIP
| vkwmro | KkMmTO > >
K PIT > > A PIIIT
Ay K 3P K PIT
Ay, K 3P

Puc. 3. CrpykTypHBIE CXEMBl YKPYIIHEHHBIX IIPOLIECCOB: a) YIpaBlieHHUE KOHQUTryparuei
pactenueBoaueckoi mpoaykuuu (YK PII), ©) ynpaBieHue apXUTEKTypoH pPacTEHHEBOIYECKUX
nporpamMMm u noprgeneit (YA PIIII), B) ynpaBienue koHGUrypanuein MamHHO-TEXHOJIOTHYECKOTO
obecneuenunst (YK MTO), 1) ympaBieHue KoH(HUTypamWed CHCTEM TOMICPXKAHUS TPUHSITHS
pemennii (YK CIIIIP), A PIIIT — apxutekrypa pacTeHHEBOAYECKUX ITporpamMm U mopTdeneit, Ay, K
3P, K PII — COOTBETCTBEHHO arpoMETEOpOJIOTHYECKUE YCIOBHUS, KOH(UTYpaIus 3eMeJbHBIX
pecypcoB U KoHurypaiusi pacrenueBogdeckor npoaykiun, K MTO — konurypamust MmaimmHaHo-
TEXHOJIOTHYECKOTO OOEeCIeyYeHusl MPOM3BOJICTBA pacTeHueBoaueckoi mnpoaykuwu, K OTC —
KOH(urypamusi opraHu3zanuoHHO-TexHuueckux cucteMm, K CIIIP — koHdurypamus cucrem
NoJAJIep)KaHUs TNPUHATHS pelleHui, 3 — 3a7add YIpaBlIEeHUs PAcTEeHHEBOACTBOM, 171 —
TEXHOJIOTMYECKUEC 3HaAaHUA, Mn - MCTOJbl YHPABJICHUA PACTCHUCBOAYCCKHMU IIpOrpaMMaMu H
noprdenssmu, Mo — MeTOABl YIpaBiIeHHS KOHQUIypanued MalMHHO-TEXHOJIOTHYECKOTO
obecneueHusi, Mn — MeTOJbl yIpaBiCHUS KOH(QUIypauueil CUCTeM MOJAEpPKAHUS MPUHSATHUS
pEIICHU .

Fig. 3. Block diagrams of the integrated processes: a) configuration management of crop production
(YK PII), 6) management architecture crop programs and portfolios (YA PIIII), B) to manage the
configuration of machine-technological support (YK MTO), r) configuration management support
decision-making systems (YK CIIIIP), A PIIIT — architecture crop programs and portfolios, Ay, K
3P, K P — respectively agro-meteorological conditions, land configuration and configuration of plant
products, K MTO - configuration of the machine and technological support of crop production,
K OTC - configuration of organizational and technical systems, K CIIIIP — Configuration support
decision-making systems, 3 — control problems in agriculture, Tn — technological knowledge,
Mu — management practices of crop programs and portfolios, Mo — management practices
configuration of machine-technological support, Mm — methods of configuration management
systems support decision-making

MHOecTBO Iporpamm {H

yk} HE 4TO HMHOE, CXEMa YKPYIIHCHHOIO IIpomecCa VYIIpaBJICHUA

ApXUTEKTYpOH PacTEeHHEBOAUECKUX MIPOTPaMM H
noprdeneit umeet Bu (puc. 3, 6).

ApXUTEKTYpa 3THUX Iporpamm M noprdeneit
(A PIIII), a Tarke TEXHOJOTUUYECKUE 3HAHMS

KaK apXUTEKTypa IPOrpaMM IIPOHU3BOACTBA
PacTEHUEBOAYECKOU NMPOAYKIIUHA TEM UJIU UHBIM
CXII. VYuutbiBas H3JI0KEHHOE, CTPYKTYpHas
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(Tn) sBISIETCS OCHOBOWM Ui yIIpaBJICHHS
koH(purypanmeit MTO (puc. 3, B). B 3TOM
cllydae TeXHOJoruyeckas HWHGOpMaIus 10
BBIPALIMBAHUIO U YOOpKe K-X KymbTyp Ha y-X
MOJISIX SIBJISIETCSI OCHOBAHUEM JUISl OTIPEICTICHHS

(YHKIIMOHAJTBHBIX (TEeXHOJIOTHYECKHX)
IoKaszaresueu 00BEKTOB KOH (puryparu
(MaIMHHBIX arperaTos).

Crenyronmm 3TaroM yIpaBJICHUS
KOH (puryparnuei pacTeHUEBOIYECKUX
TEXHOJIOTUYECKUX CHCTEM SIBIISICTCS
UACHTH(UKAIUS KOH(QUTYpalMM TakuX UX
cocraBysironmx, kak OTC. B atom ciyuae peub
UJeT 00 YCTaHOBJICHUHU CTPYKTYpBbI
yIpaBJIeHYECKON CHCTEMBI. VYrpasnenue
koH(purypammeir OTC  ocymectBisiercss Ha
OCHOBE JTAHHBIX 00 apXUTEKTYype

pacTeHUEeBOIYECKUX IPOrpaMM U moprdeneid, a
TaKke o koHpuryparuu MTO.

Kondurypamus OTC BMECTE c
KOH (pupMaru MTO u ApXUTEKTYPOH
pPAcTEHUEBOMYECKUX NPOrpaMM U TopTdemneit
JexaT B OCHOBE IIpolecca  yIpaBlIeHUs
koH(purypanmeit CIIIIP. B »stom cmydae
texHonmornyeckue  3Hanus  (T7), MeToubl

yrpasienus kondurypanuein CIIIP (Mn), a
Tatoke 3amaun (3), KOTOpble JOMKHBI peIiaTh
CIIIP, nexaT B OCHOBE OINPEIETECHUS WX
koH(puryparuu (puc. 3, r).

Kondurypauuss CIIIIP paspabatsiBaercs
UL KOKIOM  OTAEJIBbHOM  YIpaBJICHYECKOU
3a71a4l, OTHOCUTEIBHO KaXIOTO OTICIBHOTO
pacteHueBoadYeckoro mpoekra. Konurypaunu
gactuyHbiX CIIIP cuHTe3upyroTcs B 0OIIyIO
JUIS  BCEX PACTCHUEBOMYECKHMX  IPOCKTOB,
nporpamMMm u noprgeneit Toro wim naoro CXII.

Takum  oOpazom, CO3/1aHUE CIIIIP
OCYIIIECTBJISICTCSI HAa  OCHOBE  PE3y/IbTaTOB
yIpaBJieHUs KOH(UTypamued COCTaBIISIONIX
MPOM3BOJICTBEHHBIX CHCTEM PACTEHUEBOJICTBA
CXIL.

BbIBO/IbI

1. Ananu3 paspaboranHbix Ha ocHoBe UT —
TEXHOJOTMH  aBTOMATU3UPOBAHHBIX  CUCTEM
VIpaBJICHUS  COCTABJISAIOLIMMHU  arpapHoro
IIPOU3BOJICTBA CBUJIETENILCTBYET 00
aKTyaJIbHOCTH JJAHHOTO BOIPOCA JUIsl MPAKTUKH,
a TaKKe €ro HEPEeUICHHOCTH KacaTeJIbHO
MHTETPUPOBAHHOTO yIpaBJIeHUs 3TUM
IIPOU3BOJACTBOM.

38

2. CucreMHBbIi
PaCTEHUEBOIUECKOU
000C00IEHHBIMHU CEIIbCKOXO3HM CTBEHHBIMHU
MPOU3BOJUTEIISIMA  TO3BOJIMJI ~ OOO3HAYHTH
INIaBHEBIE CHCTEMHEBIE COCTAaBIISIOIIHE,
MPUYNHHO- CJICICTBCHHBIC CBSI3U MEXKTy HUMH, a
TaKKEe KOHIECNTYAIBHO PACKPBITh WX BIIUSHHE

aHajlu3 IMpOMU3BOACTBA

MPOAYKLIUHU

Ha mapameTrpel  (KOH(QUIypalnuio) CHCTEM
MOAJIEPKKU MIPUHSTUS peleHunit TUIs
yIpaBJICHUSA (yHKIIMOHUPOBAHUEM

pPacTEHUEBOAUECKUX TEXHOJIIOTUUECKUX CHUCTEM.

3.  IIpOeKTHO-TEXHOJOTUYECKUN  aHaJIN3
9TUX CHCTEM IIO3BOJUJIM  KOHIIENTYaJbHO
PacKpBITh MX CTPYKTYPYy, a Tarke O0O3HAYUTh
AT OCHOBHBLIX YITPABJICHYCCKUX PO ECCOB 11O

000CHOBaHUIO KOH (purypanuu ee
COCTaBJISIOLIMX.

4. YcraBieHo, 4YTO KOH(UTypalus CHCTEMBI
HOJIEPIKKU OPUHATUS ~ pelleHuid  Juis
yIpaBIICHUS MIPOU3BOJICTBOM
pacTeHUEBOAYECKOM  NIPOAYKIMU  JOJDKHA
6a3upoBaThCs Ha uHdopmaruu 0
KOH (purypanuu YeThIpeX COCTaBJISIOIIX

PaCTEHHEBOAYECKUX TEXHOJOTHYECKUX CUCTEM.
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PROJECT AND TECHNOLOGY
BACKGROUND OF MANAGEMENT BY
AGRICULTURAL PRODUCTION BASED

ON IT-TECHNOLOGIES

Summary. The current state of use of the IT
technologies for the management by agricultural
production are analyzed. The seven key actions
for the development of the components of the
automated management systems of agricultural
production are picked out and analyzed. Chosen
directions are important for practical using and
its indicated on feasibility of the development of
integrated management systems in particularly
the decision support systems. A systematic
approach to the functioning of agricultural
enterprises has allowed identifying the main
(system) of their components, as well as the
causal relationship between them. The two main
systems of these manufacturers — technical and
technological, organizational and technical are
revealed. The relationship  between these
systems is revealed and the parameters (of
system configuration) are designated. In the
organizational and technical system the decision
support subsystems are revealed and its main
components are designated. The project and
technological approach to the grounding of
configuration (parameters) of a decision support


http://avtotracker.com.ua/
http://1navicom/
http://www.amazone/
http://micro-gis.com/index.php/monitoring-selxoztexniki
http://micro-gis.com/index.php/monitoring-selxoztexniki

AJIEKCAH/IP CUIOPYVYK

system are revealed. In particular, the
hierarchical structure of crop technology system
configuration is considered. The enlarged
processes of the management by configuration
of the system components are conceptually
disclosed. It was found that the configuration of
decision support system must be supported by
the results of determining the configuration of
all the components of crop technology system.
Key  words: plant ~ growing,  system,
management, projects, technology,
configuration, IT-technology.
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AunHotanmsi. [[si ponuKOBBIX (GOPMOBOU- KurwoueBblie cioBa: ponukoBas (GOpMOBOY-
HBIX YCTAHOBOK C pEKyI€pallMOHHBIM IPUBOJOM Has YCTAaHOBKA, INPUBOJHOW MEXaHU3M, CHUJA
Ha 1Be (OPMOBOYHBIC TETEKKU, DHEPIEeTUUECKH HHEPIHUU, MOMEHT, AMHAMHUYECKOE YpaBHOBE-
YPaBHOBEIICHHBIM TMPUBOJOM Ha Tpu (GOPMO- IIHBAHHUE.

BOYHBIE TEJIEKKA U YPAaBHOBELICHHBIM IPHUBO-

JIOM Ha 4YeTbipe (POPMOBOYHBIC TENEKKHU MPO- [NOCTAHOBKA TIPOBJIEMbI
aHAJTM3UPOBAHO JTUHAMHYECKOE YPAaBHOBEIIMBa-
HUe TpUBOAHOro mexanusma. [Ipu mozxenupo- B cymectByonmx ycTaHOBKax IOBEpX-

BAaHUM MPOIECCA YPAaBHOBEUIMBAHUS IPUBOJIHO- HOCTHOIO YIJIOTHEHHS >KeJ1e300€TOHHBIX H3JIe-
ro MeXaHHM3Ma MallMH POJIMKOBOTO (OpMOBa- JIMH HCHOJIB3YETCS KPUBOIIMITHO-IIOJI3YHHBIN
HUS PELICHO JBE 33/7a4M JAMHAMUYECKOTO ypaB- WM THAPABIMYECKUH HPHUBOA BO3BPATHO-
HOBCIIIMBAHUS: YPaBHOBEIIMBAHWE CHJI MHEp- IOCTYNATEeIbHOTO ABMKEHUS (POPMOBOUHOM Te-
UM, TPUIOKEHHBIX B ILIEHTPAaX Macc JBHMXKY- JIEKKH C YIUIOTHsOIMMH posnukamu [1-3]. Bo
IMXCA 3BEHBEB, U YPABHOBELIMBAHME IPUBE- BPEMs MOCTOSHHBIX IIYCKOTOPMO3HBIX PEKUMOB
JIEHHOTO K OCHM BpallleHHUsl INPUBOJHOIO Baja JBWKEHHUS BO3HMKAIOT 3HAYMTENbHbIE AUHAMU-
KPYTAIIETO MOMEHTA, BO3HHMKAIOUIETO OT Jei- uecKue Harpy3kd B AJIEMEHTax IMPUBOJHOIO Me-
CTBHUS CUJI MHEPUUU. AHAIM3 MOJYYEHHBIX pe- XaHU3Ma U B 3JIEMEHTax (POPMOBOYHON TENEK-
3yJAbTAaTOB I1OKa3bIBA€T, YTO MAKCUMAJIbHOE U KM, KOTOPBIE MOTYT INPUBECTH K MPEXKAECBpE-
CPEIHEKBAPAaTUYECKOE 3HAYEHMs] CyMMapHOM MEHHOMY BBIXOJY YCTAaHOBKUM M3 pabodyero co-
CHJIBI MHEpLHUHU, a TakkKe Oe3pasMepHbId KO3(-  CTOSHUSL

(ULIMEHT OLIEHKU CHUJI MHEPLUU 110 OTHOUICHUIO

K Kaxmoil dopmoBouHoil Tenexku umeror mu-  AHAJIN3 TIOCJIEJJHUX HCCﬂEﬂOBAHHﬁ

HUMAaJIbHOE 3HAYEHUE B YCTAHOBKE C DHEPIETU- U ITYBJIMK ALIA
YECKM YPAaBHOBEIIEHHBIM MPUBOJOM Ha TpHU
(OpPMOBOYHBIC TENEKKH, MAKCUMAJIbHOE W B cyiecTByronmx T€OpEeTUYECKUX U IKCIIE-

CPEIHEKBAPATUUECKOE 3HAYEHHs CYMMapHOIO PUMEHTAJIbHBIX MCCIEAOBAHMAX MAILMH POJIHU-
MOMEHTa OT CHJI MHEPLHUHU, a Talke O0e3pa3Mep- KOBOIo (pOpMOBaHUS Kej1e300€TOHHBIX U3eInn
HbI KOI(pULIIMEHT OLICHKM MOMEHTOB OT CHUJI OOOCHOBAHO MX KOHCTPYKTHMBHBIE IIapaMeTphl U
MHEPLHH 10 OTHOIICHUIO K KXI0H opMoBou- mpoaykruBHOCTh [1-3]. BmecTe ¢ Tem Henocra-
HOM TENEeXKW MMEIOT MUHUMAJIbHOE 3HAUCHHE B TOYHO BHUMAHMS YAEJIEHO MCCIIEIOBAHUIO JeH-
YCTAaHOBKE C YPAaBHOBELICHHBIM IPHUBOJOM Ha CTBYIOLMM JIMHAMMUYECKUM HarpyskaMm M pe-
4eThIpe (POPMOBOUHBIE TEIICHKKH. KUMaM JIBU)KEHMS, YTO B 3HAUUTEJIBHON Mepe

BIIMSET Ha pabOTy YCTAHOBKM M Ha KayecTBO
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roTOBOM mpoayKuuu. /1y MOBBIIEHUS TPOIYK-
TUBHOCTH PabOTHI C OJJHOBPEMEHHBIM CHUKEH U~
€M 3aTpaT dHEpruH Ha OOECIICUCHHE TEXHOJIO-
TMYECKOTO Tpolecca YIUIOTHEHUsSI OETOHHOM
CMECH W pasrpy3kd IPUBOJHOTO MEXaHU3Ma
OblTM  pa3pabOTaHBl  YCOBEPIICHCTBOBAHHBIC
KOHCTPYKIIMU MPHUBOJHBIX MEXaHU3MOB DPOJIH-
KOBBIX (JOPMOBOYHBIX YCTAaHOBOK [4—8].

Ha puc. 1 npencraBiena ponukoBas Gopmo-
BOYHAs YCTaHOBKA C PEKyNEpalMOHHBIM IpH-
BOJIOM, KOTOpas COCTOWUT M3 JIBYX CITapEHHBIX
Tenexek [4], kKoTopble MPUBOIATCS B BO3BpAT-
HO-TIOCTYMATENbHbIE TBUKEHHS OT OJHOTO MPH-
BO/a, B COCTaB KOTOPOTO BXOMSAT JIBA KPHBO-
[IMITHO-TIOJ3YHHBIE MEXaHU3Mbl, KPHBOILMIIBI
KOTOPBIX KECTKO 3aKperjieHbl Ha OJHOM MpH-
BOJHOM Bally M CMEUICHBI MEXIy cO00I0 Ha

yroia % VYcraHoBka BMen@peTr B cebe Ba

YCTPOMCTBA, KOTOPHIE PACHOJIOKEHBI IO Pa3HbIM
CTOPOHAM OTHOCUTENIbHO MPUBOAHOTO Baja.
Kaxxnoe u3 ycTpoiicTB BMelp@eT B cebe CMOH-
TUpOBaHHBIE Ha opTasax 9 u 10 hopMoOBOUHBIE
Tenexkd 1 M 2, KOTOpble OCYIIECTBIISIOT BO3-
BPaTHO-TIOCTYIATEJIbHBIE JBUXKEHUS B HAIPSM-
HbIX. Tenmexka 1 cocTouT ¢ mogaromiero OyHke-
pa 11 U ¢ COOCHBIX CEKIIMI YKAaThIBAIOLMX PO-
JTUKOB 12, YCTaHOBJIEHHBIX B TOPHU30HTAIBHO-
MOABUXHOM pame 8 ¢ pacnpenenuTeNbHbIM
OyHkepoM. Takyi0 K€ KOHCTPYKIHIO HMEET H
BTOpasi opMoBOUHAs Tenekka. Temexkn 1 u 2
C pacnpefenuTeIbHbIMA OYHKEpaMH MPUBOIST-
Cs B BO3BPATHO-NOCTYNATEIbHOE IBUXKEHHUE C
MOMOIIBIO €IUHOTO TPUBOJIA, UCIIOJTHEHHOIO B
BHJE KPUBOIMIIHO-MOJI3YHHOTO MEXaHU3Ma.
Kpupommrsr 3 1 4 5x€cTKO 3aKpeIUICHBI Ha TIPH-
BOJIHOM BaJly 5, CMEIIEHBI MEXIy cOo00W Ha

1
/ /9/ 86

]

12
{

yroJ % U COCIMHEHBI C ImaTyHamu 6 u 7, a

IATYHBI B CBOIO OY€pE]b COCAUHEHBI C TEJIEXk-
kamu 1 ¥ 2 COOTBETCTBEHHO.

Takass KoOHCTpYKIUS (POPMOBOYHOH ycTa-
HOBKM TIO3BOJISIET  OCYIIECTBJATH IMepenavy
SHEPTUU OT OJHOW TENeKKH, KOTOopas ocy-
HIECTBJISIET MPOLIECC TOPMOXKEHHMS, K JPYroi,
KOTOpasi B 3TOT MOMEHT OCYILECTBJISIET MTPOIECC
pasroHa. /[lns HaHHOW YCTaHOBKU MPOBEIECHBI
nuHamMuueckui [9] u cunoBoit [10] ananus,
MPOBEJICH aHAJIM3 HEPABHOMEPHOCTH JABUKEHHUS
[11] u ocymecTBieHa ONTUMHU3ALUS KOHCTPYK-
TUBHBIX IapaMETPOB MPHUBOJHOTO MEXaHH3Ma
[12, 13]. dns oOecrieyeHHs yIIOTHEHUS Kelle-
300€TOHHBIX M3MIEIUI Ha OQHON TEXHOJIOrMYe-
CKOM JMHHUU NPENsoKeHa KOHCTPYKLHS ycTa-
HOBKU [5] ¢ pacrnonoxeHueM (POpMOBOYHBIX
TEJSKEK TMapauieIbHO MEXIy CO00M C OmHOM
CTOPOHBI MPUBOJHOTO BaJly C MCIOJIB30BAHUEM
VKa3aHHOTO BBIIIE MPUBOJHOIO MEXaHH3Ma
(puc. 2, a).

Ha puc. 2, 6 u3o0OpakeHa KHHEMaTHYeCKas
CXeMa POJMKOBOW (DOPMOBOYHOW YCTAHOBKU C
peKynepanoHHbIM MPUBOIOM JUTs opMOBaHUS
KEIe300eTOHHBIX M3ACTUN Ha OJHOM TEXHOIO-
ruyeckoil mHuM. Ha naHHOW KMHEMaTu4ecKou
CXeMe€ I — paauyc KpuBOUMIIOB 5 U 6, | —
JUIMHA IaTyHOB 3 U 4, ¢ — yriioBasi KOOpAMHATa

MOJIOXKCHUA KPUBOIIMUIIA HCpBOﬁ TCIICKKH, A(p

— KYT CMEUIEHHUS OJHOTO KPUBOIIMIY OTHOCH-
TEJIBHO JPYIOro, X H Xy — KOOpAWHATHI L[€H-

TPOB Macc TejlekeK 1 U 2 COOTBETCTBEHHO, S
Ta [}y — YIVIOBbIE KOOPAMHATHI, KOTOpPbIE OIpe-

JEJISIFOT TTOJIOKEHUS IIATYHOB IIEPBOM U BTOPOU
TEJIEKEK OTHOCUTEIBHO TOPU30HTAIIN.

—|| |

I

Puc. 1. PonnkoBas GopMOBOYHAsI YCTAaHOBKA C PEKYyIlEpalliOHHBIM IIPHUBOJIOM
Fig. 1. Roller forming installation with the recuperation drive
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Ha puc. 3, a npencrasnena ponukoBas Gop-
MOBOYHAasl YCTAaHOBKa C HEPreTUYECKUA ypaBHO-
BEIICHHBIM MPUBOJIOM, KOTOpasi COCTOUT C He-
MOABUKHOTO TopTaia U TPEX (POPMOBOUHBIX
TEJIEKEK, KOTOpPbIE BBINOJIHEHBI C BO3MOXHO-
CTBI0O TIPUBEACHUSA B BO3BPATHO-TIOCTYNATEIh-
HblEe JBUXXEHHUS OT OOILIEro mpuBoAa C TpeMms
KPUBOILLIMITHO-TIOJ3YHHBIMU ME€XaHU3MaMH, KpU-
BOIIMITBI KOTOPBIX KECTKO 3aKperyieHbl Ha OJI-
HOM IPUBOJHOM Baly M CMEILEHbl OJUH OTHO-

CHUTEILHO JPYroro Ha yroji A(p=1200 [6]. Bee

(OpMOBOUYHBIE YCTPOMCTBA PACIOJIOXKEHBI Ta-
paUIeTbHO MEXIy Cco0OM ¢ OIHOW CTOPOHBI
MPUBOJHOTO Baja Jyis OOECIeueHUsl YIIJIOTHe-
HUsl OETOHHOW CMECH Ha OJHOW TEXHOJIOTHYe-
CcKkoM nuHuU. J[JIs JTaHHOW YCTaHOBKHU T POBEIE-
Hbl AuHaMuueckuii [14] u cunosoii [15] ananus,
MIPOBEJICH aHaJU3 HEPABHOMEPHOCTH JIBUKEHUS
[16] u ocyiiecTBiIeHa ONTUMU3AIUAS KOHCTPYK-
TUBHBIX IMMapaMeTPOB MPHUBOJHOIO MEXaHH3Ma
[17]. Ha puc. 3, 6 mpeacraBieHa KHHEMaTH4e-
CKasl cXeMa POJINKOBON (POPMOBOYHON YCTaHOB-
KA C DHEPIreTUYECKH YPAaBHOBEUICHHBIM ITPHUBO-
noM. Ha puc. 4, a mpencraBieHa poJMKOBas
(GopMOBOUHAsI YCTAaHOBKA C YPaBHOBEIICHHBIM
MPUBOJOM, KOTOpasi COCTOMT C HEMOJIBUKHOTO
nmopTajia U 4YeThIpEX (POPMOBOYHBIX TEIIEKEK,
KOTOPBIE BBITIOJHEHBI C BO3MOXHOCTBIO IPUBeE-
JIEHUsI B BO3BPATHO-TIOCTYNATEIbHBIE JIBUXKE-
HUSI OT OOILEro MpUBOJAA C YEThIPbMS KpPUBO-
[IMITHO-TIOI3YHHBIMH MEXaHU3MaMH, KPUBOIIIH-
MBI KOTOPBIX JKECTKO 3aKpErjeHbl Ha OIHOM
MPUBOJHOM Bally M CMEILEHBl OJAWH OTHOCH-

TeNbHO Apyroro Ha yrox Ag=90° [7, 8].

Bce QopmoBouHBIE yCTpOICTBAa pacmosio-
KEHBI MapaJICIIbBHO MEXITy CO00# ¢ OHOM CTO-

>

4

POHBI TNPUBOJHOIO Baja JUIsl oOecrnedeHus
VIJIOTHEHHS! OETOHHON CMeCH Ha OJHOM TEXHO-
JIOTUYECKOW JIMHUU. [l NaHHOM YCTaHOBKH
npoBeaeHbl JuHamuueckni [ 18] u cunoBoit [19]
aHaju3, MPOBEJIEH aHallu3 HEPaBHOMEPHOCTHU
nerkeHus. Ha puc. 4, 6 npencraBieHa KuHema-
THYECKass CXeMa pOJIMKOBOW (PopMOBOUHOI
YCTaHOBKH C YPaBHOBEUICHHBIM IIPUBOJIOM.

[Ipu paboTre Takux yCTAaHOBOK B MX DJIEMEH-
Tax KpOME CHUJ TSHKECTH U CUJI CONPOTHBIICHUS
Ha TiepeMerieHue (GOPMOBOYHBIX TEIIEKEK BO3-
HHUKAIOT Taoke cribl mHepuuu [10, 15, 19], xo-
TOpPbIE CO3JAOT AOINOJHUTENbHbIE HArpy3Ku Ha
NpUBOJHON MexaHu3M. [loaToMy akTyasbHOM
€CTh 3aJjaya YpPaBHOBEIIMBAHUS TPUBOIHOTO
MEXaHM3Ma MalMH POJMKOBOTO (JOPMOBAHHSL.

I[TOCTAHOBKA 3ATAYN

[enb pabOTHI COCTOMT B aHAIM3E AUHAMU-
YEeCKOr0 YpPaBHOBEIIMBAHUS MPHUBOHBIX MeEXa-
HU3MOB MalllMH POJIMKOBOTO (POPMOBAHHSI.

N3JIOXKEHUE OCHOBHOI'O MATEPHAJIA

C puc. 2, 0 onpezenseM KOOPJAUHATHI IIEH-
TPOB Macc TENEKEK YCTAaHOBKHU C PEKYpeLMOH-
HBIM IIPUBOJIOM Ha JIBE TEJIEIKKU:
JUTSI TIEPBOM TEJIEKKH :

Xy =r-cosp+1-cospy,

1)
rIe: r — paadyc KpuBoumna, | — anuHa mary-
Ha, ¢ — yII0Bas KOOPAWHATA TMOJIOKCHUS KPH-
BOILIMIIA TTEPBOM TENEKKH, ) — YIIIOBas KOOp-

JAWuHaTa, KOTopas OHIpEACIACT ITOJOXKCHUCE Ia-
TyHa HepBOﬁ TCJIC)KKN OTHOCHUTCIIBHO I'OPHU30H-

TaJIn.

Puc. 2. PonukoBast popMOBOUHAsL YCTAHOBKA C PEKyIEPallMOHHBIM IPUBOIOM A (popMOBaHUS
KEJIe300€TOHHBIX M3/ICJINI Ha OJTHOW TEXHOJOTUUYECKOU JIMHUH (a) U e€ KuHeMaTH4ecKkas cxema (0)

Fig. 2. Roller forming installation with the recuperation drive for formation of ferroconcrete
products on one technological line (a) and its kinematic scheme (0)
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Puc. 3. PonukoBast popMOBOUYHASI YCTAHOBKA C YHEPIETHYECKH YPABHOBEIICHHBIM ITPHBOIOM ()
1 e€ KuHeMaTh4eckas cxema (0)

Fig. 3. Roller forming installation with energetically balanced drive (a) and its Kinematic
scheme (0)

Puc. 4. PonnkoBas (opMOBOYHAsL YCTAaHOBKA C YpaBHOBEIIEHHBIM MIPUBOJIOM (a) U €€ KuHeMa-
TAYecKas cxema (0)
Fig. 4. Roller forming installation with the balanced drive (a) and its kinematic scheme (6)

ITockoin 0J1 HEW3BECTHEIN, €ro BO3- ) . . ro.
Ky yrom r-sin(p+Ag)=1-sin B, —sin B, = —-sin(p + Ap).
MOXKHO OHpeI[QJII/ITL B 3aBUCHUMOCTHU OT OJIMHBI |

matyHa |, paguyca kpuBoummmna I W yrmioBoit Orcrona

KOOPAMHATHI KPUBOLIATIA ¢ 2
COSfBy =+/1—sin? B, = \/1—r—2 sin?(p+Ag) .
|

r-sing=1-sing; —>sin,6’1={-singo.

Torma:
Otcrona e 5
2 X, =1 -cos(p+ Ap)+1- 1= .sin%(p+Ap) . (4
cosfy = \1-sin? By = [1- 1 -sinZ . 2 (p+Ap) 2 (p+Ap). (4)
! W3 Beipaxenuit (2) u (4) momydaem ¢yHK-
Tornma

MU U3MEHEHUs CKOPOCTEH LEHTPOB Macc Gop-

r2 . 2 MOBOYHBIX TCIICKCK:
X =r-cosp+l- 1-—sin“gp. (2) ox ~
! ot 2z ©)

X =¢- Xo=¢-

)
— JUIS BTOPOH TEJICHKKH: op op
Xp=r- cos((p+ A(p)+l .COSf3,, (3) THE. ¢ =@ — YrIoBas CKOPOCTh BPAIICHUS KPH-
. — 0X OX
r7ie: Ag — Yrojl CMIICHHS OJIHOTO KPHBOIMNA ooy yon O OXp [TepBHIE MEPETATOUHBIE
OTHOCHUTEJIBHO APYIroro, [, — yIJIoBas KOOpOU- dp  Op
HaTa, KOTOpas OIpEAe/seT IMOJ0KEHHE AaTyHa (yHKIMK TIEHTPOB MAcC COOTBETCTBEHHO Tere-
BTOPO# TEJEKKHA OTHOCUTEIBHO TOPH30HTAIH. KEK 1 M 2, KOTOpBIE OMPE/ENAIOTCA CIEyro-

3HaueHue yria S, onpeaeiseM 1o anajo- [WMA BHIDOKCHIAMU:
THMU C TIEPBBIM CITy4aeM:

44



BSYECJIAB JIOBEMKMH, KOHCTAHTUH TIOYKA

OX .

—1=—r-sm(p- 1+£- cose )

oo I r2 "

1—|—2-sm @
%:—I’-Sin((p+A¢)x
op
(6)

LT cos(p + Ap)

| r2 )
1—|—2-sm (0 +Ap)
DOYHKIIUY U3MEHEHUS JIMHEHHBIX YCKOPEHU I
LIEHTPOB Macc TelexeK 1 M 2 onpeaenstorcs
3aBHCHUMOCTSIMU:

2
.. 0Xg .2 07X
TR S §
op op
2
s . OX .2 0°X
X2=¢)-—2+ 2. 22, (7)
Op op
IIe. ¢ =¢& — YIIIOBOE YCKOPEHUE KPHUBOIIMIIOB,
ale 82X2
— 5 — BTOpBbIC II€pPEaTOYHbIE byHKIHH
op op

LIEHTPOB MAacC COOTBETCTBEHHO TeyexkeK 1 u 2,
KOTOPBIE OIPEICISIOTCS CIEAYIOIMMUA BBIpa-
JKEHUSIMU ;

CoS - 1+|£- CSS(p
1—:—2 -sin’ @
2
g G r’
¢ (|2~cosz(p—1j
ro.
+T-sm2(p- g
, 3
r - 2 2
[1—|2-sm gp]
[cos(p + Ap)- )
s cos(p+ Ap) s
| 2
\/1—:’2-Sin2(go+A(0)
0°X, (8)
2 =7 +£-sin2( Ap)-
op p+ap

2

I
—-cos’ (/)+A¢) -1

r
|2

2
[1—[2'S|n

<¢+A¢ﬂz
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Kunernyeckass dHepruss BCEM CHUCTEMBI
ONPENEIAETCS. KaK CyMMa KHHETHYECKUX DHEP-
ITMH COCTABJAIOLMX IPUBOJHOTO MEXaHHU3Ma U
(hPOPMOBOYHBIX TEJIEHKEK:

.2 52
Jp- my %2 my %8 Js, B
S B L D 22 2, "Ss N
©)
m3-(>'(2 +y2 ) s - B2 m4-(>'<2 +y2 )
2 2 2
rae: J, — NPUBEICHHBIA K OCH BPALIEHUS NPH-

BOJHOIO BaJla MOMEHT HHEPLMH IPHUBOJIHOIO
MexaHu3Ma (¢ y4éToM poTopa JIBUTratTelns, mnepe-
JaTOYHOTO MEXaHU3Ma M  COEAWHUTEIBHBIX
Mydr), my Ta m, — Maccel (POPMOBOUYHBIX Te-
nexxek 1 u 2 coOTBETCTBEHHO (Macchl GopMo-
BOYHBIX TEIEKEK PaBHBI My =My =M ), Mg, My,
Js, W Jg, — Maccel IIATYHOB 3 u 4 u ux cob-

CTBEHHBIE MOMEHTHl MHEPLHUU OTHOCUTEIBHO
IIEHTPOB MAacc, f; Ta f, — YIIOBBIE CKOPOCTH
mwaryHoB 3 u 4, Xs,, Ys,, Xs, Ta Y5, — IH-
HEMHBIE CKOPOCTHU IIEHTPOB MacC IMATYHOB 3 U
4. TlockonbKy Macchl IATYHOB 3 W 4 3HA4YH-
TEJIbHO MEHbIE Macc (POPMOBOYHBIX TEIIEKEK,
TO MOKEM IIpeHeOpeub UMHU U, COOTBETCTBEHHO,
npeHeOperaeM KHHETUYECKOM DSHepruen yka-
3aHHBIX IIATYHOB. Torjga 3HaueHUWE KUHETUYe-
CKOH DHEpIruu yCTaHOBKU OyZeM HMMETh B BUJIE:
2 2

Jo-9% mey X
T= p @ +m X1 +m X2:
2 2 2 (10)
Jp'(pz mi| .o (0% 2 .2 [ OXp 2
2 2 op op
WA
.2 2 2]
T=2_. Jp+m- O | (X2 (11)
2 op op

CocTtaBuM YPaBHCHUC IBUKCHUA pOJII/IKOBOﬁ
(bopMOBOYHOM yCTaHOBKH. J[JI1 3TOTO MCIOJb-
3yeM ypaBHeHue Jlarpanka BToporo poja:

dor ot _

dt a(p - 6(p = Q.
rae. t — BpeMs, ¢ — yIJIOBas KOOpAWHATa I10-
JIOKEHUS KPUBOIIMIIA, KOTOpask MpUHATa 0000-
OEHHOW KOOPAWHATOM, Q(/, — 00001IE€HHAA CH-

(12)

Ja, KOTOopasi OTBEYaeT 3Toi 000OIMEHHOM KOOp-
JUHaTe.

OO600ImEHHAs CHJIa OMPECIseTCs] 3aBUCH-
MOCTBIO:

0%
M, —Fo - 2L F
Qy =My —F1 op €2

X

20 (13)
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3n1ech Fcp U Fep — CHIIBI COMPOTHUBIICHUS
nepeMenicHuo (GOPMOBOYHBIX Tellexkek 1 u 2,
M, — ABMXKYIIMH MOMEHT IIPUBOJHOIO JBUIa-

TeJsd, MPUBEJACHHBIM K OCH BpAILCHUS KPUBO-
nmmna, KOTOphIM ompenensiercss 1o Qopmyre
Knocca:

2.M

My=—L iy, (14)
S
S S

s=1- 2 -1 24, (15)
20} @
Sp =1— ., (16)

rne: M, — KpUTHYECKHI MOMEHT Ha BaJly /IBU-
raTeisl, S M S,, — CKOJIBXCHHE M €ro KpuThYe-

CKO€ 3HAueHHe, ® U @, — YIVIOBas CKOPOCTh
poTOpa ABHUTraTeNs U € CHHXPOHHOE 3Ha4YCHUE,
U — TepeJaToyHOe YUCIIO MEePeAaTOYHOTO Me-
XaHHW3Ma OT JBUTATENss K IMPHUBOJHOMY Baly,
n — KIIJ] npuBoaHOTO MexaHU3Ma.

[Tocne moacranoBku 3aBucumocter (11) u
(13)-(16) B ypaBHenue (12), momydaem:

RN L
09 09> 09 g’

op op op
d ot o ) (%)
- =¢-3Jdp+m
dt op op op

09 0p? 00 0p? |

2 2
(/) Jp+m. % + 6)(_2
op op

2 2
+¢z.m.{%.m+%.ﬂ}

2 2
+2.¢2.m.(%.m+%.&}

op 6(/)2 op 6¢2
_ 2-M,, en— ()
1_ﬂ 1_0)&
® o
1_a)Kp 1 o
) 2
OX 8X2
—F -2 _E. . 202
C1 P) C 6(p

[lonydyenHoe ypaBHeHHE sBJseT co00il He-
JMHEHHOE YpaBHEHHE BTOPOIO MOPSAJKA, KOTO-
poe HeoOXOIMMO pelliaTh YUCICHHBIM METOJIOM.
B pesynprare pemenust ypaBHenus (17) momy-
YaeM 3aBHCUMOCTH:

p=olt), p=¢(t), ¢=4). (18)

[Ipy guHAMHMYECKOM aHAIN3€ CKOPOXOIHBIX
MEXaHU3MOB, K KOTOPBIM OTHOCHUTCSI POJIMKOBAs
(opMOBOYHAST YCTAaHOBKA, HEOOXOAUMO pelaTh
JIBE 337]a41 JUHAMUYECKOTO YPAaBHOBEIIMBAHHUSI:

1. ypaBHOBEeIMBaHUE CHJI MHEPIUHU, KOTO-
pble TPUIIOKEHBI B IEHTPAX MACC JABUXKYIIMXCS
3BEHBEB,

2.ypaBHOBEIIMBaHUE MPUBEAEHHOTO K OCH
BpalllcHUsI MPUBOJHOTO Baja KPYTSAIIETO MO-
MEHTa, KOTOPBI BO3HHUKAET OT JEHCTBUS CHJI
WHEPIIUU.

Jns pelieHust mepBoi 3a7auu HEOOXOUMO,
YTOOBI IIEHTP MacC ABUXKYIIMXCSI 3B€HbEB POJIH-
KOBOH (opMOBOUHOH ycTaHOBKH ((popmMOBOU-
HBIX TEJIEKEK) HE CMEIIAJICS, TO €CTh ISl POJIH-
KOBOM (POPMOBOYHOM YCTaHOBKHU, TEJIEKKH KO-
TOpPOW JBUTAIOTCS BJIOJb OCH X, JOJDKHO BBI-
MOJIHATHCS YCIOBHE:!

_My X +Mp - X3
m +my

Huddepennupys TBaxIpl MO BPEMEHH 3a-
BrcuMoOCTh (19), momyuyaem:

. ml-i(’1+m2-5('2
g =——"—5—5=
m +ms

=const.

Xe (19)

0. (20)

Beipaxenue (20) MOXHO 3amucarb B cClie-

IYIOLIEM BUJIE:
Fuczml-i(‘1+m2-5('2 =

L X . 0°X
op op

2
+m2-[(}5-%+¢2-—8 XZJ:O.

rne. F,. — cymMmapHas cuia MHEPLUH, NIPUBeE-

(21)

JieHa K EHTPY Macc MOBUKHBIX 3BEHBEB yCTa-
HOBKHM OT JCWCTBHUS CHJI MHEPIUU OTACIBHBIX
TEJICHKEK.

Ecnu yuuteiBaTh, 4TO My =My, =m, 1O OYy-

w(%.{.%j_lr
op Op
F

=Mm- =O
He .2 aZX]_ 82X2
9T
op~ 09

A€M UMCTh:

(22)
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Ecnu ycnosue (21) unu (22) He BBIIOIHAET-
Csl, TO UMEET MECTO HEYPaBHOBEIIEHHOCTb CHUJI
nHepuuu. Kpureprem 310oil HEypaBHOBEIIEHH O-
CTH MOXET OBITh CyMMapHO€ 3HAa4€HHE CHII
MHEepUUU (OPMOBOYHOMN YCTaHOBKHU:

(22

+¢2.§§i+§iﬁ_
6¢2 6¢2
3a OJIMH ITUKIT IBUKEHHS POTMKOBOH (hopmoO-
BOYHOM YCTaHOBKU (OJUH OOOPOT KPUBOIIUIIA)
HEYPAaBHOBELICHHOCTh CHJI UHEPIITUN MOXKET ObITh
OIl€HEeHAa MaKCUMaJIbHBIM 3HaYEHUEM CHJTBI HHEP-
UMY, TPUBEACHHON K LIEHTPY MAcCC YCTaHOBKHU
FLcmax WM €TI0 CPEIHEKBAIPAaTHYECKUM 3HAYE-
HHEM, KOTOPOE OTPEICTSAETCS 3aBUCUMOCTBIO:

X Xy
op O (23)

uc =

Fuc = =
2
. [ OXg = OXp (24)
wl | Tt
m?2 f op Op g
= _— t y
t1 0 +¢2 ] 82X1 N 62X2
8¢2 8¢2
2.
rme. Yy _&r IIPOJOJKATEIIBHOCTE  [[UKIIA
a)H

JBUKEHHUSI POJIMKOBON (POPMOBOYHOM yCTaHOB-
KH, ®, — HOMHHAJIbHOE 3HAYCHHUE YITIOBOM CKO-
pOCTH NIPUBOJHOTO BaJla yCTAHOBKH.

B HekoTopbIX cityyasx 1esnecoodpasHo o1le-
HHUBAaTh HEYPABHOBEUICHHOCTb CHJI WHEPLUH,
4TO JEHCTBYIOT Ha 3BE€Hbs (POPMOBOYHOHU yCTa-
HOBKH, C MOMOIIBIO 0e3pa3MepHOro KpUTepus,
KOTOPBI MOXXET OBITh MPEACTaBICHHBIA OTHO-
LICHUEM CPEAHECKBAAPATUYECKUX 3HAUECHUH TIPU-
BEJICHHBIX K LICHTPY MacC YCTAaHOBKU CyMMapHOM
CUJIbl MHEPLIMHU U CHJI MHEPLMH, KOTOPbIE e~
CTBYIOT Ha KaXIyIO TEJEXKKY. DTOT KpUTEpUi
MO’KHO IIPEJICTABUTH B CIEIYIOLIEM BUJE:

)]

.2 62x1 82x2

op Op

+o
t 2 2
1 99~ O¢ o5
kFu_EI_ — —dt . (25)
W o 09>
2 2
U e T 00? ) |
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Jns obecriedeHHs] ypaBHOBEIIMBAHUS IPHU-
BEJCHHOTO K IIPUBOAHOMY BAIly KPYTSILETO
MOMEHTA, KOTOPbIH BO3HUKAET OT JACHCTBHS CHII
UHCPIUU, HCOGXOI[I/IMO BBITIOJIHUTH YCJIOBI/IC:

T =const wuH a_ 0. (26)
op

Ecnmu ycnoBue (26) He BBINOJNHSETCS, TO
MMEET MECTO HEYPAaBHOBEIIEHHOCTh NPUBEICH-
HOTO K MPUBOJHOMY Bally KPYTALIEIO MOMEHTA,
KOTOPBIM BO3HUKAET OT JCHCTBUS CHUJI HHEPLIUH.
Kpurepuem 310l HEYpaBHOBEILIEHHOCTH MOKET
ObITh 3HAYEHHE KPYTSIIEr0 MOMEHTA, KOTOpOe
ONpPENENAETCS 3aBUCUMOCTBIO!

T .
(27)
_m‘.2. %'62&_ 6X2‘82X2
=m-e 2 * 2
09 o9 09 Op

3a OMH MUK JBMKEHHS POJMKOBOHN (op-
MOBOYHOI YCTaHOBKM HEYPAaBHOBEIIEHHOCTh
MPUBEJAECHHOTO K MPUBOJHOMY Bally KpYTSILETO
MOMEHTAa, KOTOPBI BO3SHUKAET OT ACHCTBUS CUJII
WHEPIIUHA, MOXET OBITh OIEHEHAa €ro MaKCH-
MaJIbHbIM 3HAa4E€HUEM M,y HIHM €0 CpelHe-
KBAJPATHYECKUM 3HAYECHUEM, KOTOPOE OIpee-
JISISTCS 3aBHCHMOCTBIO:

2

le 82x1
S S T
M|: _ m2.¢4. w dt:
t 2
10 Xy 0% (28)
op 8¢2
1 4 o % o %%, )
—m. _.I¢,4. X 0% 0% OTXp | 4t
ty

5 09 0p> 09 0¢?

OueHuM Takke HEYpaBHOBEIIEHHOCTh Kpy-
TAIIETO MOMEHTA OT JEHCTBUS CHJI MHEPLUU C
IOMOIIBIO 0€3pa3MEepHOro KpUTEepus, KOTOPHIH
NIPEACTaBUM OTHOILEHUEM CpeJHEKBaJpaTuye-
CKMX 3HAYEHMH MOMEHTA CHJI MHEPLUHU BCEro
MEXaHM3Ma M COCTABJISAIONMX MOMEHTa CHII
WHEPLUUH OT OTHEIIBHBIX 3JIEMEHTOB YCTAaHOBKHU.
Tako xpuTepuil UMEET BUL:

o 0%,
dp op*
ox, 0%,

op 09
ox ox )
1, 1} +

o 09
2 2
X, 0 xzj

+¢4.[.

op 0¢°
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o 0% 0% O
op 0¢p° 0Op O
bafox o) (o 0%,
op 0Op° op 09
Jlnst pouKoBO# (POPMOBOYHON YCTAHOBKH C
PEKyIepauOHHBIM TPUBOAOM C MapaMeTpaMu
[11]: r=02m, 1=08Mm, my=my,=m=1000xz,
Jp=4176 ke 0%, 0y=10472pa0lc, @, =1021paolc,
O =94,95paol c, M,(p =2154H - u, Sp =0,0933,
U=9,8, 7720,9, FCl =3562H ' FCZ =3562H

OTpe/esieHbl 3HaUeHHsI CyMMapHON CHJIBI HHEp-
uuu F,. M KPYTAIIEIr0O MOMEHTa OT JIEHCTBHSA

T

1.} (

_dt. (29)

CHJI MHEPIIMU M, Ha IPOTSKEHUU OJTHOTO IUK-
na newkenus (0< ¢ < 27 ), rpaduKi ©U3MEHEHUS
KOTOPBIX M300pakeHbl Ha puc. 5. Jnsg manHOM
YCTaHOBKM C yKa3aHHBIMHM IIapaMETpaMH OIpe-

JIeJICHbl MaKCUMAaJbHbIE 3HAYCHUS CyMMapHOMN
CHJIBI MHCPIUH F, . =35946H H KPYTSAIICTO

MOMEHTa  OT  JCUCTBUSA  CUIl  HMHEPLUHU
M, mex =12742H - m, CPEIHEKBAJIPATUYCCKUC
3HAYCHU S CyMMapHOU CHJIBI HHEPIHUN

F,.=217497 H W KpyTAILEro MOMEHTA OT JEH-
CTBHs cuJ uHepuuu M, =6627 H - u, Ge3pas-
ke =0,9983

kMu =0,3089. Ilpu ompeneneHUn ONMHCAHHBIX

MepHble  KOd(DpUITHEHTHI "

BBILIE XapaKTEPUCTUK YCTAaHOBKU HCIIOJIb30Ba-
JUCh 3HAYCHUs YINIOBOW CKOPOCTH BpAaILCHUS
IIPUBOJHOTO Baja ¢ M €ro YIIOBOIO YCKOPEHUS
@, KOTOpble OBUIM ONpENeNeHbl M0 METOIUKE,

onucaHHou B padore [11].
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2n
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CuvnauHepunn, H

-20000

/
NS

-30000

-40000
Yro/ NnoBOpOTa KpUBoLWMNa, Paga,

[lo onucaHHOHN BbIE METOAMKE MOJIY4YEHBI
(yHKIIMY U3MEHEHUS CHJI UHEPIIUU U MOMEHTOB
OT CHJI MHEPUUH YCTAHOBOK C JHEPIreTUYECKH
YPaBHOBELICHHBIM NMPUBOJOM (puc. 3) U ycTa-
HOBKU C YPaBHOBEIIEHHBIM IPUBOAOM (puc. 4),
rpaguKy M3MEHEHHUs KOTOPBIX IpeACTaBICHbI
Ha puc. 6 u puc. 7.

Jlnst ponukoBoit (OPMOBOYHON YCTAHOBKH C
JHEPIreTUYECKM YPaBHOBEUICHHBIM IIPUBOAOM
9TH XapaKTEPUCTUKU COCTABJISIOT: MAKCUMAallb-
HO€ 3HAYEHHE CYMMapHOW CHJIBI HMHEPLUHHU
Fuemax =167H W KpYTALMNE MOMEHT OT JEM-
CTBHUS CHJI UHEPUUU M, =6639H - M, cpenne-
KBAJ[PaTUUYECKOE 3HAYEHUE CYMMapHOW CHUJIbI
uHepuuu F,.=106/H © KPYTSIMA MOMEHT OT
neficTBUst cuil uHepuuu M, = 4628 H - u, Ge3-

pasMepHbie KOA(PPUIIHEHTHI kg, =0,000041% u
km, =017954.

Jlist ponarKoBO# (POPMOBOYHOM YCTAaHOBKHU C
YPAaBHOBEUICHHBIM IIPUBOAOM 3TH XapaKTepH-
CTMKM COCTaBJIAIOT: MAakCUMaJIbHOE 3HAYCHHE
CYMMAapHOM CHJIbI MHEPUUH F,.npy =4177H u
KPYTSAIMHA MOMEHT OT IEHCTBUSA CHJI MHEPLHUH
M, mex =3157H - m, CcpeIHEKBAIPATUYECKOE 3HA-
YeHHEe CyMMApHOM CHIIbl MHEpUMU F,, =2493H
U KPYTAIIMY MOMEHT OT I€HCTBUS CUJI HHEPLUH
M, =1962H - m, Ge3pasmepHbie Ko>(uIneH-
Tel kg =0,00792 1 ky =0,0661.

IlomydyeHHBIE pE3ynbTAThI NPEACTABIICHBI B
Tabm. 1.

1500

/\

/\
O\
/> ff

\_/

S

1000

500

-500

MomeHT oT cun nHepuum, H-m

-1000

-1500

Yron noBopoTa KPMBOLWIKMNA, Pag

a

0

Puc. 5. I'paduku n3mMeHeHnss cyMMapHO# CHJIbI HHEPLMH (a) © MOMEHTA OT CUJ mHepIuHu (0) B
3aBUCHUMOCTHU OT YyIJIa IMOBOPOTA KPpUBOIIMIIA YCTAHOBKU C PECKYIICPAIITMOHHBIM ITPUBOAOM

Fig. 5. Schedules of change of total force of inertia (a) and the moment from inertia forces (0) in
dependences on an installation crank angle of installation with the recuperation drive

48



BSYECJIAB JIOBEMKMH, KOHCTAHTUH TIOYKA

SR AV A VO A VO A W A W

0,5 -

0,5 |

Cuna vHepunn, H
o
(=)

v vV \

1,5

VoV

Yro/ NnoBOpOTa KPUBOLLKMNA, Pag

\/

800

600

N\

™\

400

[\

200

/

\

[\
/

-200

/R
©

-400

\

/
/

MoMmeHT OT cun MHepuuun, H-m

-600

-800

\/

\/

Yron nosBopoTa KpuBoOLIMNA, pag,

a

0

Puc. 6. 'padmku n3meHeHus CyMMapHOU CHIIBI HHEPIIHH (a) 1 MOMEHTA OT cuJI nHepiuu (0) B 3a-
BHUCHUMOCTH OT yIJIa TIOBOPOTA KPUBOIIMIIA YCTAHOBKU C DHEPICTUYCCKU YPABHOBCHICHHBIM IIPp UBOJIOM

Fig. 6. Schedules of change of total force of inertia (a) and the moment from inertia forces (0) in
dependences on an installation crank angle of installation with the energetically balanced drive
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Puc. 7. I'paduku m3MeHEHHs] CyMMapHO# CHJIBI HHEPIIMHU () 1 MOMEHTa OT CUJI WHepHuu (0) B

3aBUCUMOCTHU OT yIJIa ITOBOPOTAa KpUBOIIMIIA YCTAHOBKHU C YPABHOBCHICHHBLIM IIPUB OJI0M

Fig. 7. Schedules of change of total force of inertia (a) and the moment from inertia forces (6) in
dependences on an installation crank angle of installation with the balanced drive

Ta6amua 1. Peaynprarel pacuéToB
Table 1. Results of calculations

YcTaHoBKa ¢
xommaecTBoM | Fuemaxs H | Mynax, H-m | E,., H | My, H-n Kg, Knm,
TENekKEK
2 35946 1274,2 21749,7 662,7 0,9983 0,3089
3 1,67 663,9 1,06 462,8 0,0000413 | 0,17954
4 417,7 315,7 249,3 196,2 0,00792 0,0661

[Tpumeuanue. KonnuecTBo TeNlekKeK B YCTAaHOBKE: 2 — YCTAHOBKA C PEKYMEPAITHOHHBIM TPHUBOJIOM
Ha JBE€ TEJIEKKU, 3 — YCTAHOBKA C SHEPIreTUYECKH YPAaBHOBEUICHHBIM IIPUBOJIOM Ha TPH TEJIEKKH, 4
— YCTaHOBKA C YPaBHOBEILIEHHBIM MPUBOJIOM Ha YETHIPE TEIEHKKH.

Ha ocHoBanuu paHHbIX TaOs. 1 mocTpoeHsb
rpaguky M3MEHEHUs MaKCUMMAJIBHOTO 3HaueHUs
CyMMapHOM CHJIBI MHEPUMHU F, . px U KpYyTALIE-
IO MOMEHTa OT ACUCTBUS CHUJI MHEPLUHUU M, mux
(puc. 8), CpeaHEKBAIPATHYECKOIO 3HAYEHHUS
CyMMAapHOW CHIbI MHEpUUM F,. U KPYTSAIIEro
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MOMEHTa OT JedCTBHs cuil uHepuuun M,
(puc. 9), GespasmepHBIX KOIPPUIHEHTOB KF
u Ky~ (puc. 10) B 3aBHCHMOCTH OT KOJIMYECTBA
(OPMOBOUHBIX TEIEKEK B YCTAHOBKE, TO €CTh
OT BU/JIa IPUBOJAHOIO MEXaHU3MA.
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a 0
Puc. 8. I'paduku M3MeHEHUsI MaKCUMaIbHBIX 3HAYEHUH CYMMapHOW CHUJIBI MHEPIUH (a) U MO-
MEHTA OT CHJI MHEepIUH (0) B 3aBUCUMOCTH OT KOJIMYECTBA TEJICKEK B YCTAHOBKE (OT BHJIa MMPUBOJIA)
Fig. 8. Schedules of change of the maximum values of total force of inertia (a) and the moment
from inertia forces (6) depending on number of carts in installation (from a type of the drive)
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Puc. 9. I'paduixu n3MeHeHust cpeIHEeKBaApaTUUECKUX 3HAUEHU I CyMMapHOW CUJIbl HHEPLUH (a) U
MOMCHTA OT CUJI UHCPLHUN (6) B 3aBUCUMOCTH OT KOJIMYCCTBA TCIICIKCK B YCTAHOBKC (OT BH A IIp I/IBOI[a)
Fig. 9. Schedules of change of mean square values of total force of inertia (a) and the moment
from inertia forces (6) depending on number of carts in installation (from a type of the drive)
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Puc. 10. I'paduku n3meHeHus OespasMepHbIX Koodduimentos kg (a) u ky, (0) B 3aBHCHMO-

CTH OT KOJIMYECTBA TEJIECKEK B YCTAaHOBKE (OT BUJA IPUBOA)
Fig. 10. Schedules of change of dimensionless coefficients of kg (a) and ky ~(6) depending

on number of carts in installation (from a type of the drive)
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Ananu3 naHHbIX Tabn. 1 u rpadukoB Ha
puc. 8 — puc. 10 noka3pIBaeT, 4TO MaKCUMaJb-
HOE 3HA4€HHUE U CPEIHEKBAIPaTHUECKOE 3Haye-
HUE CyMMapHON CHJIbl MHEpPLHH, a Takke 0e3-
pa3mepHbIi Ko (PUIIueHT Kp, MMEIOT MMHH-

MaJIbHOE 3HAa4€HHE B YCTAHOBKE C dHEpreTuye-
CKH YpaBHOBEIIEHHBIM MPUBOAOM Ha TpHu (op-
MOBOUYHBIE TEJIEKKHA, MAKCUMAJIbHOE 3HAUYEHUE U
CPEIHEKBAPATUUECKOE 3HAYEHHE CYMMAapHOIO
MOMEHTa OT CHUJI MHEpLHUH, a Takke Oe3pazmep-
HBI KO3(puLueHT Km, MMEIOT MUHHMANbHOE

3HAQUYEHHE B YCTAaHOBKE C YpPaBHOBEIICHHBIM
MPUBOJIOM Ha YeThIpe (JOPMOBOUYHBIE TEIEIKKH.
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ANALYSIS OF DYNAMIC
EQUILIBRATION OF DRIVES
OF MASHINES
OF ROLLER FORMATION

Summary. For roller forming installations with
the recuperation drive on two forming carts, en-
ergetically balanced drive on three forming carts
and the balanced drive on four forming carts
analyzed a dynamic equilibration of the driving
mechanism. When modeling process of an equi-
libration of the driving mechanism of cars of
roller formation two problems of a dynamic
equilibration are solved: an equilibration of
forces of inertia applied in the centers of mass
of moving links, and an equilibration of the ro-
tation of a power shaft of a torque given to an
axis which arises from action of forces of iner-
tia. The analysis of the received results shows
that the maximum and mean square values of
total force of inertia, and also dimensionless co-
efficient of an assessment of forces of inertia in
relation to each forming cart have the minimum
value in installation with energetically balanced
drive on three forming carts, the maximum and
mean square values of the total moment from
inertia  forces, and also dimensionless coeffi-
cient of an assessment of the moments from in-
ertia forces in relation to each forming cart have
the minimum value in installation with the bal-
anced drive on four forming carts.

Key words: roller forming installation, driving
mechanism, inertia  force, moment, dynamic
equilibration.
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Summary. This study set out to determine
the possibility of using drones for  yield
programming. Perspective ~ parameters  of
measurements by selecting the scene modes for
corn plants photographing with a digital camera
are determined.

The digital camera can be used in the field
to indicate the level of nitrogen nutrition of corn
without additional artificial illumination.

The most prospective camera’s scene mode
is "daylight™ for the "white balance™ setting.

According to preliminary data, the most
promising optical bands for the explorations in
RGB are green and red.

In a pot experiment in phytotron it is
advisable to analyze the whole leaf rather than a
part of the upper leaves.

The future researches are needed to
investigate the relationship between the plant
optical parameters and plant nitrogen nutrition
provision at different growth stages.

Key words: vyield programming,
vegetation index.

drone,

INTRODUCTION

In the context of global markets the
optimality criterion of crop farming is not
maximum yield and product quality, but
maximum profitability, which is determined by
the ratio of the expected price of the finished
product and its fabrication costs. Maximum
economic efficiency is achieved by
programming the yield. One of the means of
programming is the rational use of mineral
fertilizers based on the needs of plants.
Traditional methods of determining the state of
the crops include ground survey, the use of

chemical reagents or different testers and are not
suitable for mass use in making operating
decisions for each field site.

Development and implementation of crop
condition monitoring system using drones is an
actual scientific and technical problem. Solution
of this problem enables to obtain current
information about the status of crops, to
maximize  the  economic  efficiency  of
commercial farm units.

The object of this study is the condition of
crops, which estimating is based on the spectral
characteristics of plants obtained by means of
drones and ground survey.

The subject of the study is a relationship
between the plant spectral characteristics and
the level of availability of fertilizer elements for
plants.

STATES ISSUE

Using remote sensing diagnostics of plant
nutrition is not widespread. This is due to the
novelty of the methods and the lack of their
study in specific edaphoclimatic conditions and
on specific cultures. In the world today use
contactless  sensors such as  Greenseeker
(Trimble  Agriculture - USA), CropSpec
(Topcon Posttioning Systems -Japan), N-sensor
(Yara International - Norway). Sensors are
placed directly on the mobile equipment and
determine the need for, and dose of fertilizer on
the basis of the color of plants [1, 2, 3]. Sensor
operating principle is based on the ability of
plants chlorophyll to reflect optical waves in the
near infrared band and to absorb in the infrared
band (NDVI index). More wide wave band (400
- 800 nm) is used in sensors Holland Scientific
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Crop Circle ACS-470 (USA), which allows to
obtain more complete information (NDVI
indices, NDRE) [3, 4, 5]. But in all of these
sensors is used additional lighting of samples,
which limits its use on the basis of drones of
micro class (weight up to 10 kg, the flight time -
up to one hour), which are most suitable for
small and medium-sized commercial farm units.
Furthermore, this equipment is not intended for
pre-assessment of crops at different growth
stages, it is necessary for yield programming.

Kang Yu, V.L.Wiedemann, X.Cheng.
Bareth [6] studied the spectra of different plants
at different growth stages, at different position
of the leaf relative to the sensor, and it is
determined by the components of plants, not
soil.

Studies conducted in the laboratory, allowed
to obtain spectral portraits of plants, but the use
of these techniques in the field must take into
account the random nature of light and the
possibility of condensation.

In the field, monitoring of crop nitrogen
nutrition is  based on their  spectral
characteristics, carried out by YAO Xin-feng
[7], but in this case the distance between the
sensor and crops was low, and the use of
techniques for the drones was not considered.

There are investigations [8], where the
spectra of plants was remotely studied using
drones, but the purpose of the work was to
identify the field contamination by chemicals.
Researchers used a laser to illuminate the
samples. But it is energetically difficult to
implement field illumination of an area of 10
hectares. Soloha M.O. [9] described the
experience of using drones  for monitoring
crops without the use of additional lighting, but
the purpose of his research was to determine the
degree of maturation and assortment of plants,
plant nutrition conditions was not considered.
Similar work was done by J. Gago [10], but he
studied the humidification of plants and set the
amount of biomass and not the need for plant
nutrition.

NDVI indices were also obtained using
aerial and space photography [11, 12, 13], but in
these studies researchers examined the average
value resulting from the resolution of the sensor
capacity, enough to predict the harvest, but not
sufficient for the differential fertilizing crops.
In these studies researchers attempted to
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neutralize the effect of the composition of the
atmosphere on the accuracy of the results, the
appropriate coefficients were derived.

A search of the literature revealed that for
the leaves diagnosis at a distance of 2 m must be
taken into account for each measurement the
degree of illumination around the diagnosed
spectrum. In case of ground survey it is easily
realized using optical patterns [14, 15, 16], on
which background study was conducted, which
is methodologically hard to implement in large
areas. In [17, 18] studies sample illumination
was accounted by adjusting the exposure time
based on the metadata of the image file, but the
extra light (camera flash) was used in all cases.
Standard photographic equipment of drones
cannot be completed with flash, hence there is
need to conduct additional research on the study
of the spectral characteristics of the plant in case
of possible scene modes.

MATERIALS AND METHODS OF
RESEARCH.

For calibration standards of relationship on
the number of spectra of plants introduced food

crops in the experimental variants, differing
doses of nitrogen fertilizers were laid. The
measured culture was corn. The growing

experience has been laid according to the
procedure [19] in the phytotron with automated
controls, located in the Department of
Automation and Robotic Systems  National
University of Life and Environmental Sciences
of Ukraine (Fig. 1).

The wvessels for sowing had cylindrical
shape, diameter 25 cm, height of 25 cm. The
substrate with a low content of organic matter
and nutrients had different doses of nitrogen
fertilizer  (ammonium  nitrate).  For  uniform
application fertilizer was dissolved in water and
then thoroughly mixed with the substrate. Since
color affects the plants and the spectral
composition of light during their growth [20],
the lighting was provided by special LED strips
designed specifically for greenhouses.

In the first set of experiments we
investigated  the  relationship  between the
exposure time and intensity of the RGB

components in the presence of built-in flash.
The study was caused by the fact that the use of
the flash can be appropriate while working in



VITALIY LYSENKO, OLEKSIY OPRYSHKO, DMIYRIY KOMARCHYK,
NATALYA PASICHNYK, NADIYA OPRYSHKO

the dark, and some models of drones are
equipped with this equipment. For shooting
digital camera Canon A460 was used.
Additional exterior lighting was carried out in
combination ~ of  fluorescent  lamps  and
incandescent lamps. Groups of plants that were
closer (b) and further (d) from the camera
within the frame of single picture were
separately examined. Visually, the measuring
area was abaxial and adaxial side of corn leaves.

Fig. 1. Phytotron for of the vegetative
experience with automated controls

The top leaves were examined, as they are
most visible while photographing with the
aircraft. This test measured the intensity of the
light components from that given exposure:

1)

t = tox 2
t - reported exposure time
t. and k — time and exposure compensation,
according to the metadata of the image
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RESULTS OF RESEARCH

Fig. 2 shows the relationship between the
intensity of the RGB components and the
reported exposure time using a standard camera
flash.

The character of approximating relationship
was chosen on the basis of the boundary
conditions: X [0,255], at t = O the intensity of
the color components was equal to zero. All

relationships ~ were  approximated by a
mathematical relation of the type:
W = Ix(1 — ey, )

W*- the intensity of the color components;

I, m — coefficients;

t — reported exposure; t. and k — time and
exposure  compensation, according to the
metadata of the image

Digital Camera of drone was designed for
natural lighting in cloudless weather. The
camera adjusts the "white balance™ mode for
cloudy weather. Additional studies have been
devoted to these two scene modes, which, like
using flash, were carried out in a room free from
artificial lighting. The two sides of the leave of
plants were examined separately (Fig. 3).

Approximating relationships for these scene
modes were displayed based on the arithmetic
values of the intensity of the color components
for both sides of the leave. When the flash was
used the approximation of data by relationship 2
the coefficient of determination was higher than
0.97. More complicated relationship has been
used without the flash to obtain similar values
of the coefficient of determination (3):

n = I]_X(l . e(-t/ml)) + |2X(1 _ e(-t/mZ)) (3)

A more complex approximation formula is
probably due to the conversion characteristic of
algorithms of preliminary image data into
GPEG format, and due to change of basic
exposure time. The exposure time was
determined by a camera during exposure
compensation, it did not occur when using the
flash.

Fig. 4 presents ratios between the deviation
of the awverage wvalue from calculated by
approximated formula for leaf color components
and exposure compensation level.

These results suggest that the minimum
deviation was observed for the scene mode
"White balance — daylight" for the red and green
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components. In summary, these results show
that these channels of color and the scene mode
are the most suitable for field studies using
drones. Fig. 5 shows the relationship between

nitrogen concentration in the biomass of corn
for phase 5-6 leaves. It is the growth stage of
corn which corresponds to a complete transition
of plant to the root nutrition and is effective for

the intensities of the color components of feeding.
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The results indicate that most clearly
observed relationship was between the intensity
of green and red color components of the leave
and amount of nitrogen N. A wide scatter was
due to the fact that the significant percentage of
studied leaf area were leaf ribs which had lighter
shades. When filming at a distance of several
tens of meters such effect on the overall color
background should be reduced.

CONCLUSIONS

1. The digital camera can be used in the field
to indicate the level of nitrogen nutrition of corn
without additional artificial illumination.

2. The most prospective camera’s scene
mode is ‘“daylight* for the ‘"white balance"
setting.

3. According to preliminary data, the most
promising optical bands for the explorations in
RGB are green and red.

4. In a pot experiment in phytotron it is
advisable to analyze the whole leaf rather than a
part of the upper leaves.

5. The future researches are needed to
investigate the relationship between the plant
optical parameters and plant nitrogen nutrition
provision at different growth stages.

REFERENCES

1. S. Yousfii, N. Kellas, L. Saidi,
Z Benlakehal, L. Chaou, D. Siad, F. Herda,
M. Karrou, O. Vergara, A. Gracia, J. Araus,
M. Dolores Serret. 2016 // Comparative

performance of remote sensing methods in
assessing wheat performance under
Mediterranean conditions.  Agricultural Water

Management, Vol. 164, Part 1, 31 January 2016,
—137-147.

2. Lyubchenko S. 2013. Azot potrebuye
tochnosti. — // Propozytsiya : ukr. zhurn. z pytan'
ahrobiznesu. —2013. — N 5. — 120-124.

3. Lekomtsev P. V., Matveenko D. A. 2011.
Optymyzatsyya vnesenyya azotnbikh
podkormok po optycheskym kharakterystykam
posevov yarovoy pshenytsel. Yzv. S.—Peterb.
hos. ahrar. un-ta. — S.—P., 2011, N 24. — 62-67.

4. Matveenko D.A. 2012. Optymyzatsyya
azotnoho pytanyya yarovoy pshenytsel po
optycheskym kharakterystykam POSEVoV.

58

Materyalet nauch. ses. po ytoham 2011 h.
Ahrofyz. yn-ta. —S.—P., 2012. — 77-81.

5. Fei Li, Y. Miao, G.Feng, F. Yuan, S. Yue,
X. Gao, Y. Liu, B. Liu, S. Ustin, X. Chen.
2014. /I Improving estimation of summer maize
nitrogen status with red edge—based spectral
vegetation indices. Field Crops Research, Vol
157, 15 February 2014, — 111-123.

6. Kang Yu, V. L. Wiedemann, X. Chen, G.
Bareth. 2014. Estimating leaf chlorophyll of
barley at different growth stages using spectral
indices to reduce soil background and canopy
structure  effects // ISPRS  Journal of
Photogrammetry and Remote Sensing V. 97,
November 2014, — 58-77.

7. Y. Xin-feng, Y. Xia, T.Yong—chao,
N. Jun, L. Xiao—jun, C. Wei—xing, Z Yan.
2013. /I A New Method to Determine Central

Wawelength and  Optimal Bandwidth  for
Predicting Plant Nitrogen Uptake in Winter
Wheat // Journal of Integrative Agriculture

2013, Vol. 12(5), — 788-802.

8. Hnidenko V. V., Nalyvaychuk M. V.,
Yatsenko V. O. 2013. Vymiryuvalno—
obchyslyuvalna systema na bazi Aviatsiynoho

hiperspektrometru //  Naukovi pratsi NUKhHT
#48, 2013. — 17-22.

9. Solokha M.O. 2013. Dynamika
spektral'noyi  yaskravosti  posiviv  m'yakoyi

pshenytsi za danymy aerofotozyomky // Visnyk
KhNAU #2, 2013. — 57-62.

10. J. Gago, C. Douthe, R.E. Coopman,
P.P. Gallego, M. Ribas—Carbo, J. Flexas,
J. Escalona, H. 2015. Medrano UAVs
challenge to assess water stress for sustainable
agricutture //  Agricultural Water Management,
Volume 153, 1 May 2015, — 9-19.

11. Byaurin C. 0., Onpuuxo O. O.,
I'aitoypa H. A., Bbimomax JI. 1. 200S.
BusnadeHHss ~ yMicTy TrymMycy B TpyHTI
HEKOHTAaKTHUMH MeTojaamu // BicHuUk arpapHoi
Hayku. — 2005. — Ne 4. — 34-37.

12. Zynchenko V.E., Lokhmanova O.Y.,
Povkh V.Y., Kalynychenko V.P. 2012.
Yspolzovanye = kosmycheskykh — sbemok vy
nazemneikh ~ obsledovanyy  dlya  otsenky
sostoyanyya posevov sel'skokhozyaystvenneikh
kultur. Vestn. RASKhN, N 1. 2012, — 45-47.
13. Abramov N. V., Semyzorov S. A. 2012.

Upravlenye  produktsyonneimy  protsessamy
ahrobyotsenozov S prymenenyem
kosmycheskykh system. I



VITALIY LYSENKO, OLEKSIY OPRYSHKO, DMIYRIY KOMARCHYK,
NATALYA PASICHNYK, NADIYA OPRYSHKO

Ahroprodovol'stvennaya polytyka Rossyy,
2012, N 5. - 12-19.

14. Kanash E.V, Lekomtsev P.V,
Rusakov D.V.,, Osypov YuA. 2015.
Kolychestvennaya otsenka azotnoho statusa
rastenyy  pshenytsei  po  kolometrycheskym
kharakterystykam  tsyfroveikh  yzobrazhenyy
posevov // Mat. wvseros. nauch. konferentsyy
«Prymenenye sredstv dystantsyonnoho
zondyrovanyya Zemly v selskom khozyaystvey.
SPb.: FHBNU AFY, 2015. — 123-127.

15. Bulyhin  S.Yu., Pohurel's’kyy S.P.,
Opryshko O.0. 2007. Tsyfrovyy dystantsiynyy
ekspres—kontrol'  vmistu humusu v hrunti
nauchnoe yzdanye // Zemleustriy i kadastr . —
2007. — #1. — 23-27.

16. Andriyishyna M.V, Bulyhin S.Yu,
Opryshko O.0. 2007. Udoskonalena metodyka
vyznachennya vmistu humusu \%
chornozemnykh hruntakh na bazi tsyfrovoyi
fotometriyi: nauchnoe yzdanye // Ahrarna nauka
i osvita. —2007. — T.8. — #5-6. — 80-84.

17. Opryshko 0.0, Bolbot .M.,
Andriyishyna M.V., Pasichnyk N.A. 2008.
Metodychni pidkhody  dlya  keruvannya
wybirkovym  vnesennyam  dobryv:  naukove
vydannya // Ahrarna nauka i osvita. — 2008. — T.
9, N3. - 100-104.

18. Opryshko  O.0., Pasichnyk  N.A,,
Bandurka O.l. 2012. Robototekhnichnyy
kompleks dlya kultyvatsiyi troyand I
Naukowvyy visnyk NUBIP. Seriya : Tekhnika ta
enerhetyka APK. — 2012. — Vyp. 170(1). — 262—
267.

19. Zhurbytskyy  3.Y. 1968. «Teoryya y
praktyka vehetatsyonnoho metoda». — M., 1968.
— 260.

20. Belousova K.V. Smyrmov M.O.,
Nosykov V.V, Lytvynskyy V.A,
Shchuklyna O.A. 2012, Viyyanye form
azotnerkh udobrenyy na soderzhanye
pyhmentov pry razneikh spektrakh obluchenyya
rastenyy v uslovyyakh fytotrona // Plodorodye,
2012, N 5. - 5-7.

59



MOTROL. Commission of Motorization and Energetics in Agriculture —2016. Vol. 18. No 3. 60-66

PARAMETER IDENTIFICATION AND VIBRATION CONTROL OF ROBUST
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Summary. The disturbance estimated with
the help of advanced mechatronic devices is
used for a realization of robust mechanical
system, such as agricultural machines. In the
actual application, the estimated disturbance is

effective for not only the disturbance
compensation  but alko the  parameter
identification in the mechanical system. The

identified external force is applicable to sensor
less force feed-back control in mechanical
system and is utilized for a realization of
mechanical vibration control. The progress of
robust control technologies makes it possible to
realize high performance motion control. In the
industrial drive system such as a modern
agricultural machine with advanced
mechatronic device’s system for motion control,
however, the developed technology is not
enough to obtain the stable and high speed
motion response since the mechanical vibration
arises under the high accuracy positioning
control. The mechanical vibration control is also
taken up in the field of the motion control. In
particular, a vibration control based on the
external force feedback brings the sophisticated
advantages to the mechatronic system. The
paper introduces a Vvibration control strategy
based on the external force feedback called
“resonance ratio control” in multiple resonance
system. In this case, the external force may be
obtained by using the identification process.

Key words: parameter, identification,
vibration,  control,  robustness,  mechanical
system, mechatronic devices.

INTRODUCTION

The equivalent disturbance of the motion
system described by (1):
do

I o =K, -1 -T, (1)
where: | — inertia, Ki — tore coefficient of
electric motor, T, — load torque, may be
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obtained as load torque. The parameter
variations are the change of inertia and the
change of torque constant of motor. The output
is position detected by position detector [1]. The
equivalent disturbance is

J:—T—'{ﬁ—&}lf“ @)
| Lo, )t

where: 1 torque current reference,
I =1,+Al, K,=K,+AK,. (The inertia will
change according  to the  mechanical

configuration of motion system. The torque
coefficient will vary according to the rotor
position of electric motor due to irregular
distribution of magnetic flux on the surface of
rotor).

Suppose the first derivative of d is zero.
An augmented state equation is

Lo Jo 1 o]fe 0
aa)=001-a)+Kt|-|;ef-(3)
gl looofld| |y "

Here 6 — angle (position of motor’s rotor),
do .

—, t—time.

dt

By Gopinath’s method [2], the following

estimation process is obtained:

d=k -0+1z. 4)
z; should satisfy (5), where ki and k, are

free parameters:
Zl:|+|: .Iref](S)

H{ Hz (k—k2)- 0+

. K -k, -0

dt

7 0 -k

1 -k,

K

to

ZZ 2

Iy

ref
0 j

Equations (3) and (5) lead (6):
Kto

. 32.9_

Iy

(6)
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Here d is obtained with the help of

equation (2) and 55%.

The disturbance estimated by (6) is used for
a realization of robust mechanical system. In the
actual application, the estimated disturbance is
effective  for not only the disturbance
compensation but also the  parameter
identification in the mechanical system. As
defined in (2), the equivalent disturbance d,
which is estimated by the disturbance observer,
includes the load torque T, and the parameter

variation torque l:(K%)_(Ktol ﬂ 1
0

PARAMETER IDENTIFICATION IN
MECHANICAL SYSTEM

The load torque T, consists of friction and
external force effects in the mechanical system
as follows:

Tl =T friction +varicti0n cw+ Iﬁ& ) (7)

c

coulomband vis cosity friction
effect

This equation means that the output of the
disturbance observer is only the friction effect
under the constant angular velocity motion. This
feature makes it possible to identify the function
effect in the mechanical system. For example,
the friction effects are well identified as
Stribeck friction model [3]. Fig. 1 shows an
example of the identified friction effect with the

external force
effect

assumed that the friction effects are known
beforehand by the above identification process.
By implementing the angular accelerated
motion, the system parameter K, /I, is adjusted

in the observer design so that it is close to the
actual value K,/I. As a result, the disturbance

observer estimates only the external force effect
as follows:

é_ kl d —
(s2+ky s+ky) "o
. (8
k, Texternal ®)

(s°+k,-5+k,) I
The identification process of the external
force is summarized in Fig. 2. The identified
external force is applicable to sensorless force
feedback control in mechanical system [4] and
is utilized for a realization of mechanical
vibration control as shown in the next section.

VIBRATION CONTROL OF Harvester’s
MECHANICAL RESONANCE SYSTEM
(threshing barrel-motor)

The progress of robust control technologies
makes it possible to realize high performance
motion control. In the industrial drive system
such as modern agricultural machine with
advanced mechatronic devices and so on,
however, the developed technology is not
enough to obtain the stable and high speed
motion response since the mechanical vibration

help of this model. arises under the high accuracy positioning
The external force effect is also identified control.
by using the estimated disturbance. Here it is
.
§  fresea

T,ﬁi rlowe /

0

e"

/ = J;F s

Fig. 1. An example of identified friction effect
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[

I—_ Vet i

n

gL +TF==

Fig. 2. Identification process of external force

To address above issue, the mechanical
vibration control is also taken up in the field of
the motion control [5-7]. In particular, a
vibration control based on the external force
feedback brings the sophisticated advantages to
the mechatronic system. This section introduces
a vibration control strategy based on the
external force feedback called ‘“resonance ration
control” in multiple resonance system. In this
case, the external force may be obtained by
using the identification process shown in Fig. 2.

-
A. A Dynamical Model of Harvester’s
Mechanical ~ Resonance  System  (threshing

barrel-motor).

In general, the dynamical behavior of the
mechanical resonance system is described as
multiple mass spring models. Fig. 3 (a) shows a
schematic illustration of the multiple mass
spring system and Fig. 3 (b) is a block diagram.
Usually? Harvester’s mechanical system is
described with the help of multiple mass spring
models, where n=2 or n=3.

0 =D 00 @

Treac 1

Treacn

Treac 2

3

O

=

oy
ol

4_+><f—> K,
+

= E.]
lui—p 1 E, -

=D

[
L

(b)

e feff

K, Equvaient Torn Stiffhess o Lead side

I =l +L+...+1

Fig. 3. A model of mechanical resonance system
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E _..Treac 1 -
) m === :
O B 1 |+ : 1 g
— - ..... =
_lr-C :r = | .- K] I — 12
e
Accmratim-l .................
Controller
Fig. 4. Acceleration controller based on external force feedback
I_ ___________ =
g‘;;r’ I 1 o Hf_l{sj +0;) ! G .- l'if_lﬂj g
—r" st H?.l(-'"z‘* @ ;) i HL(’I"'Q.-') j
- _| arm portion

motor porlion
Fig. 5. Equivalent transformation of Fig. 4

In the vibration control, the disturbance
effect imposed on the motor portion is
suppressed by applying the robust control
technique, which is based on the disturbance
observer in this section.

Then, the motion system seems an
acceleration  controller.  Furthermore,  the
identified external force is fed back through the
feedback gain K.

Fig. 4 shows the total block diagram of the
acceleration controller based on the external
force feedback.

Fig. 4 is transformed into Fig. 5 without any
approximation. In the latter discussion, Fig. 5 is
used for the analysis and the design of the
vibration control.

B. Stability Discussion

In Fig. 5, the following issues are
considered to obtain the vibration suppression
controller.

e The controller of the motor portion is
designed so that the poles of the system do not
cancel the zeros by the motor state feedback.
The  feedforward  compensator  is
designed so that the location of the zeros is not
change.

In the vibration controller based on the
external force feedback, PD control is applied to
the motor position controller and the external
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force feedback gain is determined so that the
above conditions are satisfied.

To ensure the effectiveness of the external
force feedback, the system stability is analyzed.

In case PD control is applied to the motor
portion of Fig. 5, the total block diagram of the
system is rewritten as shown in Fig. 6 Fig. 7
shows the root loci of Fig. 6.

From Fig. 7, starting angle of each
oscillation pole 6; is obtained as follows:

6, = 270° —sa; 0, = 270° —

. : ©)

-sa,;...0,,=210" -sa, ,
0<a; <90%,90" <4, <270°. (10)
The above equations mean that the

controller based on the external force feedback
makes the oscillation poles stable.

This is basic concept of the proposed
approach to obtain the stable motion response in
the mechanical resonance system.

In the actual design of the controller, only
the first oscillation pole is considered to
construct the vibration suppression controller.

Then the controller gains Kp, Ky, and K, are
determined according to the resonance ratio
which shows the ratio of the natural frequency
of the motor side and the load side.

The vibration control strategy based on the
resonance ratio is called ‘resonance ratio
control”.
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Fig.6. Total block diagram of vibration suppression controller
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Fig. 7. Root locus of Fig. 6

B. Resonance Ratio Control

As described before, all pole-loci of the
mechanical resonance system move to the stable
direction by the external force feedback. In the
next step, the controller gains are determined

2

‘G,(5) G, (s)- 0™,

(11)

Kf
=K-w.;

a

@y

(14K, -1,)

a

according to the resonance ratio. Here it is
the mechanical system is the first oscillation
pole. Then the transfer function of the system is
(52 + wz)
0, = Gl(S) -G, (5)‘9cmd;
Ia

K=1+K, 1,.
and inertia of the load side in Fig 4, oy, and K is
the natural frequency of the motor side and the

assumed that the dominant oscillation pole of
described as follows:
2
Kf
Here w, and I, are the equivalent frequency
equivalent stiffness of the motor side and the
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equivalent stiffness of the lad side, respectively.
K is the resonance ratio. The denominator D(s)
of the transfer function of Gi(s)'Gy(S) is given
as follows:
D(s)=s*+K,-s*+(K, +@})-s* + 12)
+K, - -s+K_ -af.

To simplify the controller design, Gi(s) and
Gy(s) are defined as second order system and
¢, o1, £,, and o2 are introduced to describe
the motion performance in each system. Then
D(s) is also given as follows:

D(s):(sz+2§1-a)l-s+a)f)x

(s2 +24, -, -s+a)22)
From (12) and (13), the following relations
are obtained:

K, =2~(§1-a)1+§2-a)2); K, =

The i\r/nportant goal in the vibration control
iS to suppress the vibration, so that
£, =¢,=10 in (14). A0 @, =w, =w, 10
obtain the high speed motion response in the
load side. Finally, the following control gains

are obtained with resonance ratio of /5.

(13)

o @

2
a)a

(14)

2 2
D W,
2
a

+ol i +4L,C, 0 0,

K, = i; K, =
I, (15)
K, =4 0,
C. Experimental Examples of Vibration

Control

By using a set of the gains shown in (15),
the vibration of the mechanical resonance
system is well suppressed.

Fig. 8 and Fig. 9 are the experimental
results of PD control and resonance ratio control
for step-motor, respectively. These result cleaty
show that the resonance ratio control is effective
for the vibration suppression in the mechanical
resonance system.
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Fig. 8. PD control in mechanical resonance system
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Fig. 9. Resonance ratio control in mechanical

CONCLUSIONS

1. The robustness of the motion control
makes the harvester’s mechanical system more
flexible. The stiffness of the motion, which
corresponds with the forward gain of the

position, is defined to be a good index of
robustness. The motion controller acquires
robustness by estimating disturbance. The

robustness and the identification is both sides of
a motion control each other. The recent modern
technique including two-degrees-of freedom
control, H” control has proved the same
structure from physical point of view [8].

2. The estimated disturbance includes
reaction force from the environment. The
information is used for estimation of mechanical
parameters. By direct use of reaction force, an
antivibration control called “a resonance ratio
control” for flexible structure is realized.

3. For further development, particularly in
the connection of antivibration controller of
motion, will be expected. Such controller is very
important for the modern agricultural machines,
such as harvesters, with advanced mechatronic

| Hpmonmamnn

& 1050 2000 3000 4000 5000 CIms)

resonance system
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devices in order to stabilize their working
regimes and their course of motion on the field
as well.
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AHHOTaNUSA. M3noxena METOIHKa
KOJIMYECTBEHHOM OIICHKU YCIIOBUU
KOMILIEKTOBAHHU S MAaIIMHHO-TPAKTOPHBIX

arperaToB Ha 0a3e HHEProcpe/CTB Pa3IMUYHBIX
KOHCTPYKIMI C HCIIOJIb30BAaHUEM KpPUTEpUEB
CcOOMpPaeMOCTH arperara, peMOHTOIIPUTOJHOCTH
arperata ¥ (PyHKUMOHAJIBHOM HACBHIIIEHHOCTH
DHEProCpeCTBA.

B pesynbrare mpoBEAEHHBIX HCCIENOBAHUM
YCTAaHOBJICHO, 4YTO Il OLIEHKA YCIOBHH
KOMIIJIEKTOBaHHUsl arperatoB Ha 0Oaze MOC
1eaecooOpasHO MPUMEHATh TPU KpUTEpHs, a
MMEHHO: KpUTEepHIl CcOOMpaeMOCTH arperara,
KpUTEpPUH  PEMOHTONPUTOAHOCTH  arperara,
KpUTEpUN  (QPYHKIIMOHAIBHON HACHIIIEHHOCTU
sHeprocpencTBa. IlpennoxeHHble KpUTEpPUH
MO3BOJISIIOT ~ ONpENeNATh  o0ume  IPUEMbI
arperaTUpoBaHUs c TEXHOJIOTUYECKUMU
MOJYJISIMH, YCTaHOBUTH HEI0CTaTKH
KOMIIOHOBOYHOH CXEMBI, KOTOpBIE€ BIIMSIOT Ha
arperaTupoBaHuE M OINPEAEIUTh HallpaBJCHUS
€e YCOBEpIUCHCTBOBAHUS, a TaKKe OLCHUThH
HEePCIEKTUBHOCTh Pa3pabOTKU IHEProcpencTBa

C TOYKA 3PECHHS  €ro  3aHATOCTH B
TEXHOJIOTUYECKUX MPOIEeCccax.

KiarueBble cJIOBA. MOOHJIBHOE
SHEPIreTHYECKOE CPEJICTBO, KOHCTPYKTHBHO-

KOMITOHOBOYHAs CXeMa, MaIIMHHO-TPAKTOPHBIH
arperar, YHeprocpe/iCTBa, OI[CHHBAHHE.

ITOCTAHOBKA ITPOBJIEMbI

Huzkas 3¢dekTuBHOCTh  HCIOIB30BAHUS
MOOMIIBHBIX 3Hepreruueckux cpencts (MIC) B
COCTaB€  MAIMHHO-TPAKTOPHBIX  arperaTos
(MTA) cymecTBeHHO BIUSET Ha pa3Mmep 3aTpar
IpH  BBHIPAIMBAHUU  CEJIBCKOXO3SIHCTBEHH BIX
KyIbTYp. OTO  YacTHYHO  MOXET  OBITh
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O0OBSICHEHO HEYJOBJIETBOPUTENIbHOM
ajanTanueil sHeprocpencTBa K TpeOOBaHUSAM
TEXHOJIOTUYECKUX OIepalnuii, 4Yro BeIeT K
HapyIIEHUIO TEXHOJIOTHYECKUX TPeOOBaHUH U, B
KOHEYHOM UTOTe, K 3HAUUTENBHOW moTepe
ypoxas. OgHOM M3 NPUYUMH 3TOTO SBISETCA

OTCYICTBUE  HAJCKHBIX METOAUK  OLIEHKH
COOTBETCTBUSL KOHCTPYKLIUM OJHEProCpelcTBa
TpeOOBAHUSIM  TEXHOJIOTHH  BBIpAIlMBAHUS
KyIbTYp €LIe Ha CTaguHd IPOCKTUPOBAHUS

ManmHsI [1].

AHAJIN3 ITOCJIEJJHUX HCCﬂEﬂOBAHHﬁ
N ITYBJIIMKALINA

MoOunbHOE SHEPreTHYEeCKOe CpPEACTBO —
MHOTOQYHKIIMOHAIbHAS MAIllMHA, B MPOIEcCe
UM CIIOJIB30BAHU A KOTOpOfI ACATCIIBHOCTD
YeloBeKa OCYIIECTBIISIETCS no JIBYM
HalpaBJICHUAM, 4 UMCHHO!

- o0OecreyeHue JKCIUTyaTallid COOCTBEHHO
JHEPreTHYECKOrO CPEe/ICTBA,
obecrieueHne
TEXHOJIOTHYECKOU OIeparyH.

Baxneiinmm sTanomM mpu 3TOM SIBISETCA
OCO3HAaHHAasT W TIpaBUJIbHAS OIIGHKAa OOIIei

BBITIOJIHCHU A

KOHCTPYKIIMM KaK JHEPrOCPEJCTBA, TaK M
arperata B 1emom [1-16], omnpenenstoras
CcOoCTaB TMapkoB xo3auctB [17] ¢ yueTrom

3(peKTUBHOTO HCIMOIB30BAHUS SHEPTOCPEICTB
[18] n onpenenstom@s 3Ha4YeHUsT KOMILIEKCHOTO
nokasarenst d(PGEKTUBHOCTH CHUCTEMBbl MAaIlMH
[19].

B coorBerctBHM ¢ 3THM B pabore [2]
pa3nuyaeTcss TEXHUYECKass M TEXHOJIOTMYecKas
skcrutyatanuss MOC, koTopasi HeBO3MOXKHa 0e3
MpeBAPUTEIHHOMN OIIEHKA  KOHCTPYKIUU
ManmHbl. M3ydeHwe u pemieHHe MPOOIEMbI
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oneHkn MOC Ha pa3HbIX CTaAUsIX MOCBSILEH
psan  HaydHbiX pabor. Ocoboro BHHMaHUS
3aCIIy’KMBAIOT T€ U3 HUX, KOTOPbIE MOCBSIICHBI
METOANYECKUM acmekram omnpeneneHus
OLICHOYHBIX TOKA3aTEIICH.
ABTOpOM  PabOTHI
OIICHUBATH CTENEHb
SHEProcpesicTBa MO
MOKa3aTessim:

[2] npennmoxxeHo
TEXHOJOTUYHOCTH
TpeM  00OOIICHHBIM
MPOU3BOAUTENHLHOCTH,
arpOTEXHUYECKOMY  KAa4eCTBY  BBINOJIHEHUS
TEXHOJIOTHYECKON omnepanuu u
cebecTonmMocThio padboT. OHaKo, MPUBEACHHBIC
aBTopoM  pabotel  [2]  (dyHKIHOHATBHBIC
3aBUCHUMOCTH HE TTO3BOJISIOT KOHKPETU3UPOBATh
OIIEHKY KOHCTPYKIIUY MAIlMHBI C TEM, YTOOBI €€
VAYYIITh, © MOTYT CIYKHUTb JIMIIb B Ka4eCTBE
paMoOK 0000IIEHHBIX TPEOOBAHUH.

B pabote [3] MEPCIEKTUBHOCTD
KOHCTPYKLIMUA CEIbCKOXO3IMCTBEHHON TEXHUKHU
pPEKOMEHJyeTCs OLIeHHBaTh Kod(puiimeHTom
YHUBEpCATU3alu Ky no CBOJTHOMY
KOJIMYECTBEHHOMY I1OKA3aTelIo0:

1)

Ky =K, + K.+ K,,

K., K, KO3 (DU EHTBI
COOTBETCTBEHHO Pa3HOMCIIOJIb30BAHUS
MaliHBbI, KOMOWHHUPOBAHHOCTH 51
arperaTupPyeMOCTH.

— 1
Ko =1="/p

K
K,=1- 1/na. (4)
(2)-(4) 1, - oOmee
KOJIMYECTBO  TEXHOJOIMYECKUX  Ollepaluii,
KOTOPBbIE€ MOXXHO BBIIIOJIHATH C UCIIOJIL30BAHUEM
JagHoro  cpexncrea, Il KOJIMYECTBO
TEXHOJOTMYECKUX ONepaluidl  OJHOBPEMEHHO
BBINIOJIHSAEMBIX arperatoM, II, — kosimyecTBO
KJIaCCOB T€X DSHEProcpelcTB, € KOTOPHIMU
MOJKET arperaTupoBaThCs MallMHA IOJUISKIAS
OLICHKE.

Henocrarkamu 3TOM  METOIUKH  SIBJISETCS
HeueTkass JuddepeHnanus KOHCTPYKTUBHBIX
BO3MOXKHOCTEH M HX (paKTHUecKas peasu3alus
B [TOKa3aTelie pa3HOUCIIOIb30BaHUS U T.I1.

ABTopamu  pabotel  [4] mnpeanoxeHa
METOAMKA OIpENEICHUS ko3(punreHTa
YHUBEPCAJIbHOCTH ~ KOHCTPYKUUU  COIVIACHO
3aBHCUMOCTU:

Ky

rae. Kp,

2)

B 3aBucumMocTax

K= Z{Zji/zgnzimaw (5)
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rae. Ky — Kod(ppUUMEHT yHHBEpPCAIbHOCTU
KOHCTPYKI[UH,

[, J — COOTBETCTBEHHO I-i pernpe3eHTaTHB-
HBII TIOKa3aTelb U |-s MallliHa, a TarKe o0IIee
YHCJI0 TMOKa3aTeNei | B j-il ManmHe,

Zj; KOJIMYECTBEHHAs]  OLIEHKA  I-TO
pEIpe3eHTaTHBHOTO ITOKa3aTels B |-i MallnHe,
Z; max MaKCHUMaJIbHasi ~OIEHKa  I-TO

okasareJs B Oaiax,
m — oOlee KOJIMYECTBO ITOKA3aTelIen IuIs
MAIIMHBI JAHHOTO TUIIA.

Metonuka ompenenenus kKodddumenrta
YHUBEPCAIBHOCTH  KOHCTPYKIIMM  COIJIACHO
IPUBEACHHOMN 3aBUCHMOCTH (5)

IPEIYCMaTPUBAET OMPEJECIIEHUE COOTHOIICHHUS
MEXJly CyMMaMH DpEalbHBIX IOKa3aTeled U HX
MakCHUMaJbHBIMM  OIleHKaMH B  Oayuiax.
OCHOBHBIM HEIOCTATKOM 3TOM METOAMUKH, IO
HalleMy MHEHHIO, SBJIIETCS MCIIOJIB30BAHUE
OaJNIBHBIX OLICHOK, YTO BHOCUT ONpEACICHHBIN
CYOBEKTUBHU3M B KOHEUHBIM PE3yJbTaT, a TakKe
IpU IPUMEHEHUH TaKUX OLICHOK OLICHOYHBIE
3HaueHusd Ky, MOIyT JOCTMIaThb 3HAYCHHH,
CpPaBHEHHE KOTOpBIX He KoppekTHo. Kpome
TOTO, Takas METOJUKAa 3aTpPyIHSAET OLEHKY
koHCTpykiiuu MOC npu  ero JanbHEHIEM
ncnoip3oBanun B cocraBe MTA pasnuunHOM
KOMILIEKTallUM ¥ Ha3Ha4eHHUs, TO €CThb IIpHU
YCIIOBUU paccMOTpeHHs HECKOJIBKHX
TEXHOJIOTUYECKUX IPOLECCOB.
KonnyecTBeHHYIO0 OLIEHKY peaan30BaHHOIO
B CYILECTBYIOIIX KOHCTPYKLIUSIX
SHEProCPENCTB, IOTEHUHAIBHO BO3MOXKHOIO
JUIL HUX U HCIIOJb3YEMOI'O B TEXHOJIOTMUYECKHX
rpoueccax YPOBHEHN YHUBEPCAIBHOCTH,
BBIIIOJHEHHYI0O Ha 0a3ze HUX TEXHUYECKHX
XapaKTEPUCTUK U TEXHOJIOTMYECKUX KapT, JaHO
B paborax [20, 21]. B kadecTBe OIICHOYHOTO
nokazaTelnss B JaHHbIX pa0OoTax BbIOpaHO
KOI(MpUIIMEHT YHMBEPCAIBHOCTH KOHCTPYKLHUH
Kyi, BepoOsTHBIE 3HAUEHUS KOTOPOIO MOIYT
ouepunBatbesa mnpenenamu  0<Ky,<1,00. Ilpu

3TOM MCHBIIIMMU 3HAYCHUSIMU
XapaKTePU3YIOTCS 9HEPTrOCPE/ICTRA,
KOHCTPYKITUS KOTOPBIX MaKCHMAJIbHO
yhpoleHa  (Xyamass — Cpelid  U3BECTHBIX,
COTJIACHO TEXHHYECKON XapaKTepUCTHKE), I B
TEXHOJIOTHYECKOM nporecce TaHHOE
OHEProcpeacTBo BBIITOJIHSCT HanMMCHBIIICC

KOJIMYECTBO onepaunﬁ C IPUMEHCHHUEM XYALIMX
XapPaKTCPUCTUK CBOUX CHUCTCM, MCXAaHU3MOB U
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arperatoB.  Bpicokumu
XapaKTepu3yrTcs SHEprocpeicTBa,
KOHCTPYKIIUS KOTOPBIX  JIy4Ilas cpenu
W3BECTHBIX WJIM B TEXHOJOTMYECKOM Ipollecce
AHEProcpeICTBO, 4TO paccmaTpuBaercs
BBIIIOJIHSCT MaKCUMaJIbHOE KOJIMYECTBO
onepauuid ¢ MNPUMEHEHHUEM BCEX JIYYIIMX
XapaKTepUCTUK CBOUX CHUCTEM, MEXaHH3MOB U
arperaTos. [IpuBenennsbie B pabortax
pe3yabTaThl MCCIEIOBAHUN YKa3bIBAIOT Ha TO,
4TO JIOCTUTHYTBIN B MUPOBOM
TPAKTOPOCTPOECHUH YPOBEHBb YHHBEPCATHLHOCTH
MOC naxomurcs B mpepenax 0,38-0,79 [20].
IloreHuManbHO BO3MOXKHBIM YPOBEHb Kyp A
SHEProCPENICTB KIACCHYECKONH KOHCTPYKTHBHO-
KOMITOHOBOYHOH CXEMBI paBeH 0,80,

3HaYeHUsIMU Ky

uHTerpanbHor — 0,82 ¥ caMOXOJHOTO IIACCH —
1,00 [20].

IIpy >TOM OTEYECTBEHHBIE TEXHOJOTHH
[peaycMaTpUBaIOT UCIIOJIb30BAHUE yKe

uMmeromerocss B KOHCTpyKuusax MOC ypoBHs
yHUBepcalbHOCTH He Oojnee uyem Ha 25-30%
[21].

Henocratkom pabor [20, 21] sBisercs
OTCYTCTBUE KPUTEPUEB, KOTOPHIC TTO3BOJIMIIN OBI
OIICHUTh  YyCIIOBHS W  TOTSHIIUAILHBIC
BO3MOYKHOCTH KOMIIJICKTOBAHHSI arperaroB Ha
6aze MOC nanHOrO THIA.

[NIOCTAHOBKA 3ATIAYN

O6ocHOBaHME KOJIMYECTBEHHBIX KPUTEPUEB
JUISE  OIIEHKA MOOMIIBHBIX SHEPreTHYeCKUuX
CPEICTB, YYUTBHIBAIOIIUX YCIIOBHS
KOMILJIEKTOBAHUS arperaToB Ha ux Oase.

N3JIO’KEHUE OCHOBHOTI'O MATEPUAJIA

JUis pelieHus MOCTaBJICHHOW IpoOsieMbl
MPOBOJAUIM  TEOPETUUYECKUE  HCCIIEOBAHMS,
MIO3BOJIMBIIME HA OCHOBAaHUM IIOJOXKEHUU
TEOPUU  CTPYKTYphl  KOHCTpyKumii  [22]
pa3paboTaTh KOJIMYECTBEHHBIE KPUTEPUHU IS
OLICHKU BIINSIHUS KOHCTPYKTHMBHO-
KOMIIOHOBOYHOM CXEMBbl JSHEProcpeicTBa Ha
YCJIOBHUSI KOMILIEKTOBaHUS, OOCITYKMBaHUS U
skcrutyataiuu MTA Ha ero 6asze.

CornacHo Ha3BaHHOU TEOpHH,
coBpeMeHHbII MTA MOXHO IpEeACTaBUTH Kak
cOOpOUHYIO €IMHUILY, B COCTaB KOTOPO BXOJAT
SHEPreTUYECKUH U OAMH WJIM HECKOJIBKO
TEXHOJIOTMYECKUX  Moayied. B mporecce

69

9KCIUTyaTalldd 3TH MOJIYIH B3aUMOJIEHCTBYIOT
MEXIy coOoii  Omaromaps — ycTpoicTBam
nepenauu sHeprun. OnHako, A dPPeKTUBHOM
paboThl arperata HEOOXOJUMBIM YCIOBHEM
SIBJISIETCS. BO3MOKHOCTh OIEPATUBHONM 3aMEHBI
TOTO WJIM WHOTO MOJIYIS C IIENIBI0 M3MEHEHHS
(yHKIMOHAJIBHBIX BO3MOXKHOCTEH arperara Ui
€ro peMoHTa 0e3 CYIIeCTBEHHOTO H3MEHEHHS
CTPYKTYPBI TIOCJIETHETO B I[EJIOM.

OueHuThb TakKkue BO3MOKHOCTHU
9HEProCcpe/ICTBA MOKHO C IMOMOIIBIO KPUTEPUEB
COOMPAEMOCTH ¥ PEMOHTOIIPUTOIHOCTH [22].

KonuuecTBeHHBIN KpUTEpU COOMPAEMOCTH

MTA OIIpE eI UIN Kak OTHOILCHUE
KOJIM4ECTBEHHOTIO cocTaBa MHO0KECTBa
BO3MOXKHBIX IIOJIMHOXECTB pa3IMYHbIX

IIOCJIEA0BATEIIBHOCTEN COCIUHEHUST MOIYIEH K
KOJIMYECTBEHHOMY COCTAaBY MHO>KECTBA CTEIIEHU
arperara [22]:

3= Thery (6)
m (Pp)
rae: K; — xpurepuit cobupaeMocTy,

m(P); —  KOIMYECTBEHHBIH  COCTaB
MHO’KECTBa BO3MOYKHBIX MTOJIMHOKECTB,
KOTOPbIE€ MOXHO MOIY4uTh Ipu cObopke MTA,

m(P,) KOJIMYCCTBEHHBI  COCTaB

MHOXecTBa creneHn MTA, NOOACUMTAHHBIN,
HCXOJISl TOJIBKO M3 €r0 COCTaBa

m(P,) = 2", )
IIe. N — KONUYECTBO MOAYJNEH, U3 KOTOPBIX
coctout MTA.

Ipouenypy ompenenenuss K; paccMoTpum
Ha TpUMEpPEe CaMOXOJHOM arperara B COCTaBe
TpakTopa Tumna «Fendt-926 Vario» ymydimeHHOM
KJIACCUYECKOW KOHCTPYKTHBHO-KOMIIOHOBOYHOM
CXeMBl M  HaBECHOTO  KOPMOYOOpPOUYHOTO
kKombaiiHa — puc. 1.

B cocraB arperata BXOAAT JBa MOAYJS: a —
SHEpPreTUYecKuii (COOCTBEHHO TPAKTOp) 6 —

TEXHOJIOTHYCCKH I (KopMOYOOpOUHBII
KOMOaiiH).
B Takom ciydae mpu  ompeneNeHHH

Konu4yecTBeHHOro coctaBa m(P)s, momydnm
MHOKECTBO BO3MOXKHBIX MNOAMHOXecTB MTA
suna {{a}, {6}, {as6}}, xoropoe BxIIOYaeT
OTJIENIBHO YHEProcpesicTBO {a}, kombOaiiH {8} u
arperaT B COCTaBE€ PHEProcpeacTBa U KombaiiHa
{as}.

Torma m(P); = 3, a m(P,), comacHo
3aBucumoctu (7), mpu N = 2 OyzaeT paBHO 4.

[loncraBu 3nawenus m(P); u m(P,)B
cooTHoleHue (6) norydum K; = 1.
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Puc.

1. PacyerHas cxema KOpPMOYOOpPOYHOrO arperata Ha ©asze TpakTopa YIydlleHHON

KJTACCUYECKOW KOHCTPYKTHBHO-KOMIIOHOBOYHOM CXEMBbI
Fig. 1. Diagram of forage unit on the basis of tractor improved classical design-layout scheme

Ecnu 3Hauenue kputepus coOMpaeMOCTH
paBHO 1, TO 3TO O3HAYAET, YTO KOMIIOHOBOYHAs
cxema u XapaKTEpPUCTUKU CUCTEM
SHEProcpesicCTBa  Jal0T  BO3MOXKHOCTH  BCE
MOJYTH arperara TMpu JIOOBIX  YCIOBHSIX
COCTUHSTH MEXITY co00H. Jloruuno
HOPEaNOoNOKUTh, 4YTO 3HadeHue K, s
peambHOoro MTA 00Ol KOHCTPYKIMH HE
npeBplmalOT 1 ®  Bcerga Oousiblne  HYIIS.
3HaueHUs] MEHbIe €IUHUIIBI YKa3bIBAIOT, UTO
Ha OIPEICIEHHOM YPOBHE KOMIJIEKTOBAaHUS
(cocTaBrmeHune  arperata)  HCHOJB3YIOT U
JOTIOJHUTENbHBIE ~ MOAYIH, 03  KOTOPBIX
coOpaTh arperar HEOOXOAWMOH KOHCTPYKUUHU
HEeBO3MOXHO. Kak mpaBuio, 3TM MOIylu He
BBITTOTHSIIOT OCHOBHBIX byHKIHMA B
TEXHOJIOTUYECKOM  IIpolLecce, a  TOJbKO
JIOTIOJIHUTENbHbIE (CLENKUA, XOJ0Basi cHucTeMa
MPHUIETTHBIX U TONYIPUIIETTHOTO MAIlMH U T.I1.).

Kpurepuii peMOHTOIIPUTOAHOCTH, COITIACHO
padore [22], maix MTA uenecoobOpasHo
OMPEENATh KaK OTHOIICHHE KOJIWYECTBEHHOTO
COCTaBa MHO>KECTBA BO3MOXKHBIX ITOJIMHOXECTB,
KOTOpbIE MOXXHO TMOJY4UTh TMpU  JIt00OM
IIOCJIEZIOBATEIBbHOCTH pa3Oopku  arperaTa
(BO3MOKHOCTB CHATh HEOOXOAUMBII MOJIYINb, HE
CHUMas Jpyrue) K KOJIUYECTBEHHOMY COCTaBY
MHO’ecTBa crernenu 3Toro MTA [22]:

_ m(P)p+l
P ompy
rae. Kp — Kputepui peMOHTOIIPUTOIHOCTH,

m(P)p KOJIMYECTBEHHBIH  COCTaB
MHO>X€ECTBa BO3MOXKHBIX MIOJIMHOXECTB,
KOTOpbIE MOXXHO IOJY4UTh MpU  JI0O0OMH

(8)
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MOCIIEIOBATEIbHOCTH
OTPEICICHHOM YPOBHE.

Hcxonst u3 3amucu cootHomeHnuit (6) u (8)
MOKHO YTBEp)KIaTh, YTO OHH CXOIHBI MEXKIY

pazdopku  MTA Ha

co0oif. DTO MACWCTBUTENBHO TakK, BeOb Ha
MpPaKTHKe, B OOJIBIIMHCTBE CIy4aeB, YCIOBUS
KOMIIJIEKTOBaHUS  (COCTaBJIGHWsI)  arperara
AQHAJOTUYHBI YCIIOBHSIM ero
PaCKOMIIJICKTOBAHHS, TOJILKO B  OOpaTHOM
MOCIIEIOBATEIBHOCTUT. B TakoMm cimydae st
OOJBIIIMHCTBA CYIIECTBYIOIIIMX  arperaToB
3HAUEHUS  KPUTEPUEB  COOMpPAEMOCTH |

PEMOHTONPUTOIHOCTH pPaBHBI MEXIY COOOH, a
3HAQUUT U HOpouexypsl ompeneneHus m(P); u
m(P)p anamormyepl. OJHAKO  BO3MOXKHBI
ClIyyau, KOIJa IIOCJIEJIHEE YTBEPKICHUE HE
Oyner peWictBUTenbHBIM. Hampumep, korma
pedyb TOWJIET O HABECHOW 3epHOYOOPOYHBIH
koMmOaiiH ¢ n3menpunutenemM. HaBecuts koMOaitH
C HU3MEJIBUYUTEIIEM HA DHEPIrOCPEICTBO, IPH
YCIIOBUH o0opynoBaHus IIOCJIETHETO
HEO0OXOAUMBIMHU yCTpOWCTBaMU JUTSt
arperaTupoBaHusl, BO3MOXHO, MOXHO W CHSThb
U3MENIBYUTEND C MIPEABAPUTEILHO HABEIIEHHOTO
koMmOaiiHa ©0e3 [IOMOJHUTEIBHBIX CIOMKHBIX
YCTPOMCTB, @ BOT YCTAHOBUTH U3MEIBUYUTED HA
yKe HaBEUICHHbIH KOMOaliH 0€3 MOMOIIM TaKuX

JIONIOJIHUTENBHBIX ~ YCTPOHCTB  (Hampumep,
MOABEMHOTO  O0OOpYIOBAaHMS) HEBO3MOKHO.
IlootToMy Ha  mpakTHKE  I€JIeCO00pasHO
[OJIb30BAThCS  OOOMMH  KpUTEpUsM, a B
KOHCTPYKIIUSIX HEPTOCPE/CTB
IpeaycMaTpUBaTh HaJI4ne
BBICOKOA(MeKTHBHBIX YCTPOUCTB JU1sL
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arperaTupoBaHus, KOTOPbIE IO3BOJMIM OBl
BBIIIOJIHUTh nos00HOoe KOMIIJIEKTOBaHH S
arperatTa M €ro pPacKOMILIEKTOBAHHE B CIIydae
W3MEHEHHS TEXHOJOTHYECKOM CXeMbl WU
pEMOHTA.

OmnpeneneHus 3HAYCHUU KpUTEpUEB
coOMpaeMOCTH ¥ PEMOHTOMPHUTOIHOCTH ISt
pPasNTUYHBIX ~ KOMIIOHOBOYHBIX cxeM MDOC
NPOBOAMIIM C HCIIOJNB30BAaHUEM €IIe OHOTO
mpuUMepa: arperar B COCTaBe TpakTopa THIa
XT3-17021  KOHCTPYKTMBHO-KOMIIOHOBOYHOM
CXeMbl OJIM3KOM K MHTErpajJbHOM U MPUIIEITHOTO
KOpPMOYOOpPOYHOTO KOoMOaiiHa — puc. 2.
[IpyunHON BHHMaHMsA K OTOMYy arperatry
SBIISICTCS OTCYTCTBHE BO3MOXKHOCTH
YKOMIIJIEKTOBaTh €ro HaBECHBIM KOMOaitHOM
JUTSt paboTsI Ha pesepce u3-3a
HEY/IOBJICTBOPUTEINBHON  0030pHOCTH  YKATKH
HAaBECHOro KomOaiiHa ¢ mocTa YIpaBJICHHS
TPaKTOPOM, BBI3BAHHOMN MEXTy0a30BBIM
pacrojio’)keHneM KaOMHBI sHeprocpeactsa. B
TaKoOM ClIydae, K paCCMOTPEHHIO OYJIeT IPUHSTO
TPU MOAYJS: @ — SHEPreTUUECKUi (TpaKTop), 6 —
TEXHOJIOTHYCCKHU I (koMOaiin), c
JIOTIOJIHUTENBHBIN (X0/10Basi YacTh MPHUIEITHOTO
kombOaiiHa). Torga KoIWuYeCTBEHHBIE 3HAYEHUS
m(P); u m(P)p, Oyayr ompenensTscs U3
MHOXecTBa moaMHokecTB {{a}, {6c}, {asc}} u
paBHBI 3, B TO Bpems kKak m(P,) = 28 = 8.
3HaueHHe  KpUTEPUEB  COOMPAEMOCTH U
PEMOHTOIIPUTOJHOCTH JJIsl paccMaTpUBAEMOTO
arperata He OymyT mpeBblmath 0,5, 4TO HMXKE,
yeMm JJIs arperatra, cozgaHHoro Ha 0Oaze MDC
YIy4YIIEHHOW KJIACCUYECKOW KOHCTPYKTHBHO-
KOMIIOHOBOYHOH  cxembl THma «Fendt-926
Vario». Ilosryuenuslie pe3yIbTaThl
CBUJIETEIBCTBYIOT O TOM, YTO ISl pabOTHl Ha
peBepce c HaBECHBIMU yOOpOUHBIMU
MalllMHAMH,  KOHCTPYKTUBHO-KOMIIOHOBOYHAasI

P

1

ol

cxema Ttpakropa XT3-17021 menee mpuroana
yeMm cxema Tpakropa «Fendt-926 Vario». Ilpu
YCIIOBUM  YCOBEPILIEHCTBOBAHUS KOMIIOHOBKH
XT3-17021 npuMeHEHHEM  MEPEABUKHOTO
IIOCTa YIPABJIEHUS, YTO HE BCErZla BO3MOXHO U
SKOHOMUYECKH OIpPaB/IaHO, Ha €ro 0aze MOXKHO
COCTaBUTb arperat u ¢ HaBeCHbIM KOMOAWHOM.
DddextuBHOCT,  Ucnonb3oBanus MOC
3aBUCUT OT KOJMYECTBA BBIINOJIHSIEMBIX C €ro
y4acTHEeM TEXHOJOTHYECKUX OMepaluuil, mnpu

YCIIOBHH YIAOBIIETBOPUTEIHLHOTO
arperaTupoBaHUs C pa3InYHBIMA
TEXHOJIOTUYCCKUMH ~ MOAYIsiMU. [loaTtomy K
PaccMOTPEHHIO 11e51eco00pa3Ho BBECTHU

KpUTepUi (QYyHKIMOHAIBHOW HACBIIIEHHOCTH
sHeprocperncta Kg, [22]:

)
Ko =0 ©)
rne. Mg —  Qaxkrtuyeckoe — KOJIMYECTBO
TEXHOJIOTUYECKUX  OMepaluii, BBHINOIHEHHE

KOTOPBIX 00eCreurnBaeT YHEPTOCPECTBO,

M oOIlee KOJMYECTBO OIEpalnuii B
TEXHOJOTMYECKOM  MpoIlecce, Ha KOTOPBIX
HCTIOJIb3YIOTCSl SHEPTOCPE/ICTBA.

OO0mee  KOIMYECTBO  TEXHOJOTMUYECKHX
omepauuid B 1mpouecce M TpPeayCMOTPEHO
TEXHOJIOTMYECKOM  KapTOH, a  KOJUYECTBO
omnepanuid, BBINOJHIEMbIX PAacCCMaTPUBAEMbIM
SHEProcpeICTBOM My, XapaKTepu3yeTcs
muoxkectBom {0, 1, 2, ..., M}.

B Ttakom ciydae Kg MOXET INPUHMMAThH
3Hauenua or 0 mo 1. Ecmm K4 = 0, TO 3TO
o3HayaeT, yto MOC, npu Bcex UMEIOIMXCH Y
HEr0  CHUCTeMaxX M YCTpOMCTBax  JUIs
arperaTUpoOBaHUsl HE MOXKET arperaTupoBaThCs
HU C OJTHUM U3 TEXHOJOIMYECKUX MOJIYJIEH, TO
€CTh TEXHOJIOTUUECKUM TPOLECC HE MOXKET
OBITH BBITIOJIHEH C 3TM MOC.

Puc. 2. PacuetHas cxemMa KOpMOYOOpOYHOro arperara Ha 0a3e TpakTopa KOHCTPYKTHMBHO-
KOMIIOHOBOYHOM CXEMbI OJM3KON K HHTETPAILHON
Fig. 2. Diagram of tractor unit on forage-based design-layout scheme close to integral
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METOJIMKA KOJUYECTBEHHOM OILIEHKW KOMIUIEKTOBAHMS
MAIIIMHHO-TPAKTOPHbBIX AI'PEI'ATOB

I, To 3TO O3Hauaer, 4TO
YIAOBJIETBOPUTEIBHO
BCEMH  UMEIOIMMHUCA
MOJYJISIMH u
MpoIecc MOXKET  ObITh
YCIIEIHO BBINOJIHEH TOJIBKO npu
HCHIOJIb30BAHUU MOBC TAKOTO THUTIA.
IIpomexxyrounbsle 3HadeHus Kg yKasbIBalOT Ha
HE0OX0IUMOCTh 3a/1eiCTBOBAHMS B
TEXHOJIOTUYECKOM  IIPOLIECCE  DHEPrOCPEACTB
JpPYTUX  KOHCTPYKUM M  HMX  KOJUYECTBO
00paTHONPONOPLHMOHATIBHO 3HAUCHUSIM K.

Ecmn xe Kq =
SHEProcpesiICTBO
arperatTupyercs  co
TEXHOJIOTUUYECKUMU
TEXHOJIOTHYECKU I

BbIBO/IbI

1. B pe3ynbTare IIPOBEJICHHBIX
MCCIIEIOBAHNN YCTaHOBJIEHO, YTO JI OLEHKU
YCIIOBUH KOMIIJIEKTOBAHUSI arperaTtoB Ha 0aze

MOC  nenecooOpa3HO  NPUMEHATH  TpH
KpUTEpHs, a UMEHHO: KpUTEpU COOMPAeMOCTH
arperata, KpUTEpU  PEMOHTONPUTOAHOCTH
arperara, KpUTEepHUi (yHKIIMOHATTEH O

HACBILICHHOCTH YHEProCPECTBA.

2. llpeanoxxeHHBbIE KPUTEPUH IO3BOJIIOT
OIPEIeIIATh O0IMEe MPHUEMbI arperaTHPOBAHUS C
TEXHOJOTHYECKMMH  MOMYJISIMH,  YCTAaHOBUTb
HEOOCTAaTKU KOMITOHOBOYHOM CXCMbI, KOTOPBIC
BJIMAKOT Ha arperaTUpoBaHUC HW OIPECACIUTH
HAIpaBJICHUs €€ YCOBEPIICHCTBOBAHHUS, & TAKKE
OLICHUTH NEepCIEeKTHBHOCTD paspaboTku
DHEProCPEACTBA C TOYKH 3PECHUS €r0 3aHITOCTH
B TEXHOJIOTUYECKUX MPOI[ECCax.
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METHOD OF QUANTITATIVE
EVALUATION OF ACQUISITION
TRACTOR UNITS

Summary. The technigue of quantitative
assessment of the conditions of acquisition of
machine-tractor aggregates on the basis of
energocredit different designs using criteria of
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collection Assembly, maintainability, Assembly
and functional saturation of the power unit.

As a result of researches it is established that
conditions of acquisition of units on the basis of
MEM appropriate to apply the three criteria,
namely the criterion collection unit, the criterion
of maintainability of Assembly, the criterion of
the functional saturation of the power unit. The
proposed criteria allow us to define General
methods of aggregation with technological
modules, installing the shortcomings of the
layout scheme, which affect aggregation and
identify areas of improvement and also to assess
the prospects of development of the power unit
from the point of view of its employment in
production processes.

Key words: mobile energy tool structurally-
layout scheme, tractor units, power unit,
assessment.
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MECHATRONIC INFORMATION SYSTEMS FOR MOTION CONTROL
OF MACHINE-TRACTOR AGGREGATES

Yuriy Chovnyuk, Igor Sivak

National University of Life and Environmental Sciences of Ukraine
Str. Heroiv Oborony, 15, Kiev, Ukraine. E-mail: sivakim@ukr.net

Summary.  Motion of  machine-tractor
aggregates  will the help of mechatronic
information system is now recognized as a key
n agriculture’s mechatronics. The robustness of
motion control for such machines will be
represented as a function and a basis for
practical realization. Target of motion is
parameterized by control stiffness which could
be variable according to the task reference. Ho
were, the system robustness of motion of
machine-tractor aggregates always requires very
high stiffness in the mechatronics controller.
This paper shows that control of machine’s
acceleration realizes specified motion
simultaneously with keeping the robustness very
high. The machines acceleration is a bridge to
connect such robustness and variable stiffness.
For practical application in agriculture, a
techniqgue to estimate disturbance is introduced
to make motion of machine-tractor aggregate
and of motion controller, as well to be an

acceleration  controller.  Motion  control  of
flexible  structure  and  identification  of
mechanical parameters are also described.

Key words: mechatronics, information
systems,  motion,  control,  machine-tractor
aggregates.

INTRODUCTION

The paper intends to show resent advances
in motion control of machine-tractor aggregates,
covering control and energy conversion [1] for a
tutorial purpose. The physical meaning is
emphasized rather than mathematical exactness.
As is well known control and estimation are
twin aspects of system design. The fact holds in
motion control. The robust control and the
estimation of parameter have the same basis.
The several examples in agriculture practice
shown later seem different approaches, ho were,
the single interpretation is possible from the
physical viewpoint.
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The paper, at first, defines the stiffness in
relation to various motion control of machine-
tractor aggregates. This concept leads to both
the meaning of robustness and the general
structure of motion control. Then the paper
points out necessity of modification against
flexible structure. Several examples will assure
the concluded remarks and the end of the paper.

TARGET OF MOTION CONTROL FOR
MACHINE-TRACTOR AGGREGATES

A mechanical system governed by the sag
range equation is represented both geometrically
and dynamically. The kinematics is represented
as a set of algebraic equations which gives
constraints of motion. The dynamics is a set of
differential  equations based on  dynamic
equilibrium of force. A motion controller (for
machine-tractor aggregate) generates a set of
inputs to the actuators according to motion
reference. A motion reference is synthesized in
the reference generator.

The sensor signal the database and the
commands from other motion systems and/or
human operators are input signals for the
reference generator. The generator motion
control totally consist of the motion controller
and the reference generator. Ho were, the paper
lays stress on the motion controller. Fig. 1
shows a schematic relation of each component
of mechatronics (in machine-tractor aggregates
(MTA) as well).

From the control point of view, the output of
the MTA motion will be position and/or force.
A simple case is continuous path tracking, ho
were, the need for force control is increasing
because the industrial/agricultural demands to
the dexterous motion are growing up.

A simplified index which covers various
motion is preferable, though there are various
candidates of MTA’s motion representation.
One of such indices is a stiffness.
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Fig. 1. A schematic relation of each component of mechatronics (inside the MTA)

Suppose that x is a position of motion of a
controlled object (MTA) and f is a totally
imposed force on that. From the kinematic and
the dynamic equation, the following holds:

f = g(x, 3c','x). Q)

The stiffness k is defined in the partial
differentiation

k=2 @

The ideal position control inhibits any

deviation of position against any deviation of
force. That means k will be infinite in such a
case. Naturally an integrator in the forward loop
compensates, the steady error and dx will be
zero at infinte time. Ho were, such function
does not reflect in (2). On the other hand, the
ideal force control inhibits any force deviation
against any position deviation. Therefore, k is a
zero in the ideal force control. In the compliance

control, there must be a relation between
position and force. For instance, a virtual
compliance control will have a mechanical

impedance computed in the controller according
to the specified dynamics. Table 1 shows that k
is a good parameter as an index which
represents a target of MTA’s motion.

One of the most important elements in
MTA’s mechatronic technology is un doubted
motion  control. Ho  were, the word
“mechatronics”, register as a trademark by
Yaskawa Electronic Co., in 1971 did not always
include a concept of motion control [2].
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Table 1. Stiffness as a motion index (for
MTA)

Target of motion Stiffness
Position 0
Compliant finite
Force 0

In the 1970’s, industries began to replace
mechanical elements with electronic ones to
achieve higher reliability and less maintenance.
Also the mechatronic services were designed to
occupy smaller space in the final products.
Totally function of reliability, availability, and
serviceability has been very much improved in
relatively more compact products.

In the 1980°s a remarkable progress n mini-
and microcomputers and power electronics
technology made it possible to improve the
performance of motion. For example, vector
controlled induction motor has higher cut- off
frequency almost up to three times in the speed
control loop compared to the same- sized dc
motor. Following these results, the novel
theories of control were tested in such
mechatronic systems. In the late 1980’s and the
early 1990’s, mechatronics seemed a showcase
of various application of control theories.

The first JEEE Work shop on Advanced
Motion Control (AMC’90) held in 1990 out the
importance of physical interpretation of motion
control, though the proceedings included many
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examples of modern control techniques [3]. The
phenomena observed in the early 1990’s also
came from the so called “software- servo
technology”. Generally major part of software

applied to motion control carries out the
indispensable  routines for  diagnostics and
sequential procedures.

Only small area is assigned for

programming control algorithms. The area was
hardly sufficient for conventional PID control.
Recently the fast processor has gradually
enabled more complicated algorithms within a
shorter sampling time.

Since the software — servo technology has
generated more room for control algorithms,
higher performance and flexibility have been
realized without additional investment. Then the
novel algorithms have gained high evaluation
from the practical viewpoint because the quality
of motion (of MTA’s motion, as well) was
improved.

The motion control is now recognized as an
important area in mechatronics [4-7].

POSITION CONTROL AND FORCE
CONTROL OF MTA.

A. Position control.

Positioning is one of the important
application in motion control. There are two
kinds of industry requirements to the
positioning:

PTP path (point — to — point path),

CP path (continuous path).

The trapezoidal profile of speed reference is
used for PTP path tracking.

During acceleration and deceleration, the
period of constant acceleration is controlled to
attain maximum speed.

As to CP tracking, a trajectory of motion (of
MTA) is predetermined and it is possible to

o

Fig. 2. Acceleration controller of MTA

‘r::-ef ! (w;'ef :I

know the several steps ahead at any time. If the
motion reference generator knows two steps
ahead, the elocity and the MTA’s
acceleration reference are calculated as well as
position reference.

The robust motion controller makes the
MTA’s motion system an acceleration controller
as shown in Fig. 2 with unity for nominal inertia
and torque coefficient [8]. P is an equivalent
acceleration to the disturbance

p= IO_1 ) GS(S) ' Tdis' (3)
where: 1. — inertia, Gs(S) — sensitivity junction,
this — the disturbance torque, s — argument of
the transfer function between input and output.

Fig. 2 has two unstable poles at origin. One
simple way to stabilize the system is state
feedback, i.e., position and velocity feedback as
shown in Fig 3. two poles will be allocated
arbitrarily in the left complex plane.

The transfer function Pm (s) from
acceleration reference to position is
1
Pm(S) = SRy STK,’ 4

To recover the delay due to Pm(s), inverse
system is placed in trout of Pm(s),
Pn'(S) =S* +K, S +K,. (5)
Since the input of P_1(S) is position
reference 7%/, which will have first and second
derivatives as the any place of predetermined
trajectory, CP tracking control is constructed as
shown in Fig. 4. by combination of (4), (5), and
Fig.3. The transfer function from 6<™< to @ is as
follows:
6 =0md, (6)
The second term of right side is an error due
to disturbance. Most of them is suppressed in
robust control part and the little remained error
is attenuated by the welocity and position
feedback. It is noted that the forward gain from
position command to position is unity.

1/ 1/5

L 4
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Fig. 4. Position control block diagram of MTA

3. Force control of MTA.

In the industry, the current control feedback
in Fig. 5 has been widely used as a torque
control. This loop has only a function to make a
power converter to be a controlled current
source as previously mentioned. The target of
MTA’s force control is a control of force at end
— effecter accurately. The robustness of the
MTA’s force control is also required.

gain to position in order to keep stiffness K at
low as possible.

Of the force sensor of MTA is ideal, there
would be no forward gain for the position and
zero stiffness is attained.

However, very small deviation proportional
to the imp imposed force could exist in the force
sensor and the robustness will be suffered.

There are two categories for MTA’s force

Therefore, Fig. 2 is also a basis for force control. 1) noncontact motion, 2) contact
control and there should not be high forward motion.
Power
Sourse
- L]
5 c ; Electric
ower Lonverter
‘,;..:f ,@ s motor
Torgue Current Feedbadk

Fig. 5. A typical electric MTA’s drive system
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In noncontact motion, a force control is
substantially an acceleration MTA’s control. An
end- effectors moves along force reference until
it collides with a fixed environment.

In contact motion as shown in Fig. 6, there
will be a force sensor between the end — effecter
moves along force reference until collides with
a fixed environment.

In contact motion as shown in fig.6,there
will be a force sensor between the end- effecter
and the MTA’s control object. The sensor will
detect very small deviation proportional to the
imposed force. Then at — that moment, a
mechanical loop is stiffness of sensor and
environment, de is viscosity of environment,
and K, is a forward gain. Fig. 7 shows that the
system is oscillatory with natural angular
frequency of /K -k, when the damping of
environment de is very small.

Once the end - effecter touches the
environment, a closed loop in Fig. 7 is
completed. Then the system is oscillatory and

the end - effecter is repulsed from the
Electric motor
chi:'
_—

environment. When the end effecter separates
from the environment, the closed loop in Fig. 7
is eliminated. Again the end — effecter is stable
and approaches the environment and touches it
again. This process repeats over and over.

This hunting phenomena is overcome by
adding damping loop as shown in Fig. 8.
Generally it’s difficult to know the stiffhess and
the damping of the environment a priori. An
inserted forward gain K; should be chosen so
that the total system is stabilizable.

The transfer function from the equivalent
disturbance acceleration (-p) to the position of

MTA is a follows:
6 1
(-p)  S2+K;(Ky+dp)S+Kp K, ()
A virtual stiffnress ki is determined as
follows:
_0(-p) _ .
kf— 55 =K, k.. (8)

This gives a performance lmit of MTA’s
force control due to the very small displacement
to measure the force.

Rotationzal Direction

Force

Sensor

Environment (K, +d, + 5)

Fig. 6. Mechanical loop for contact task of MTA

ot af
FE??’:li m i
K,
%O——a
M +
F

1/5 1/5

W

K.+d. S

Fig. 7. Block diagram of MTA’s force control (1)
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Fig. 8. Block diagram of MTA’s force control (II)

When the force control approaches to the
ideal one by reducing stiffness, the response
will be slow.

C. Impedance Control of MTA.

The stiffness of the MTA’s system is
modified to leave a specified mechanical
impedance. In this case, position and force
signal are used to generate acceleration
reference based on the specified impedance.

Fig. 9 shows an example of such MTA’s
impudence control system.

In Fig. 9, the stiffness corresponding to the
virtual sping coefficient, the artificial damping
and the equivalent mass realize a mechanical
impedance.

It’s noted that if the gain of the position is

The zero gain of the force is the same as the
position control of MTA.

It’s possible to turn continuously the MTA’s
force control by adjusting the MTA’s
impedance control is the general force of
MTA’s motion control [9].

D. Experimental Examples of MTA’s force
and Position Control.

The experimental examples of MTA’s force
and position control are shown in Fig. 10 and
Fig. 11.

These results show that the disturbance is
well compensated by the disturbance observer
and the desired motion responses are obtained in
MTA'’s force and position control.

zero, the impedance control becomes the
(MTA’s) force control.
Feme Fref i1 W 8
-1 -1
x’H\ =N H} SN 5 = | 5 —
+

_ I |
> 1
* | & E
| |

Fig. 9. MTA’s impedance control
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Fig. 11. Precise MTA’s positioning control
CONCLUSIONS

1. The paper intends to give a tutorial of
MTA’s  motion control  technology i
mechatronics. The stiffness of the MTA’s
motion, which correspond with the forward gain
of the MTA’s position, is defined to be a good
index of robustness. Position control and force
control of MTA are discussed in relation to the
robustness and the stiffness.

2. The estimated disturbance includes
reaction force from the environment. The
information is used for estimation of MTA’s
mechanical parameters. By direct use of
reaction force, an ant vibration control called a

resonance ration control for flexible structure
may be realized.

3. The further development, particularly in
the connection of reference generator and
MTA’s controller of motion, will be expected.
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AnHotauus. B pabGote pemeHna 3amaya om-
TUMH3ALUN TEPEXOAHOIO Ipolecca MycKa Me-
XaHH3Ma TepeMENIeHIsI MOCTOBOI Oajku KpaHa
M0 KPUTEPUIO CPEIHEKBAIAPAaTUUYECKOTO 3Hade-
HUSI ABUKYIIETO YCHJIUSI, KOTOPOE CBOJUTCS K
MUHHUMYMYy. [l CHHTE3a ONTUMAJIBHOTO 3aKOHA
JBUKEHHSI MEPEXOJHOTO peKMMa IYCKy KpaHa
UCIIONIb30BaHa TPEXMACCOBasg AMHaMHUYecKas
MOJiellb KpaHa, Ha OCHOBE KOTOPOW IOJIydeHa
cucreMa auddepeHIaNbHbIX YpaBHEHUI 1BU-
keHus KpaHa. C JaHHOW CHUCTEMBbI BBIBEIIEH
KpUTEpUN CpelHEKBAIpaTUUYEeCKOrO0 3HAaYeHUs
JBUKYILIETO YCHJIMSI MEXaHU3Ma IepeMeleHus
KpaHa, MUHHUMH3AIUs KOTOPOIo Jaja BO3MOXK-
HOCTh MOJY4uTh audpepeHnanbHOoe ypaBHe-
HUE JUIs ONpeAeTeHUs] ONTUMAIBHOIO PEeKUMa
JIBUKEHHS KpaHa. ONTUMaIbHBIA PEXUM JBU-
KEHUsSl KpaHa IOJIydeH pe3yibTare pereHus
JddepeHIHaTbHOIO YPaBHEHUS BEHAALATOrO
HOpsiIKa METOAOM KOJIOKAallMi, Ta KaK aHAJIUTH-
YEeCKUd PEIMTh 3TO YpaBHEHHE HE IMpeICTaBlIs-
JIOCh BO3MOXXHBIM. Pe3ynbpTaTbl ONTUMHU3ALUU
IPOMJUTIOCTPUPOBAHBI TpauKaMH CKOPOCTEH U
YCKOPEHHUH INPHUBEIACHHBIX Macc KOHLEBBIX Oa-
JIOK, MOCTOBOM Oanku U rpysa, a Tawke rpagu-
KaMH IPUBOJHOTO MOMEHTA JBUTATENs U JBU-
Kymero ycunus. CTOUTbh OTMETUTh, YTO IOCIIE
OKOHYaHUs NEPEXOAHOI0 Ipoliecca IMycka Kpa-
Ha 3a ONTHUMAaJIbHBIM 3aKOHOM KOJIEOAHMS Ipy3a
OTCYTCTBYET, @ BO BpPEMs caMOro Iporecca myc-
Ka KpaHa OTKIOHEHHE TIpy3a HE IIPEBBIIACT
0,15m npu pnmuHe xaHata 4Mm. CUHTE3UpPOBAH-
HbI€ 3aKOHBl JABUXEHHMS MOXHO MCIIOJb30BaTh
JUIs pa3paboTKU CHCTEMBI YIpPaBIIEHUS MOCTO-
BBIM KpaHOM, Ha 0a3e MUKPOKOHTpOJIEpA U 4Ya-
CTOTHOTO IpeoOpas3oBareins, Koropas Oyzaer
paboTath B peKMME peajbHOro BpeMeHHu. Mc-
MOJIb30BAHME TAKOM CHCTEMbI JacT BO3MOXK-
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HOCTh YMEHBIIMTh JTUHAMUYECKHUE Harpy3Ku Ha
METAJUIOKOHCTPYKLIMM KpaHa, a TaKkKe H3HOC
MEXaHH3MOB. B pesynbraTre uUCMIOIb30BAHUSA
TaKOM  CHCTEMBI  YIPABJICHUS  IOBBICUTCSA
HAaJIeKHOCTh U MPOJUIUTCS CTPOK IKCILITyaTalluH
KpaHa.

KuaruesBsbie ciioBa:
CPEIHEKBAPATUUECKOE
YCHJIMSI,  MOCTOBOM
Harpy3kd MEPEeXOHOMN
Mmacca.

JUHaMUYeCcKas MOJEb,
3HAQUEHHUE JIBUIKYLIETO
KpaH  JMHaMUYECKUe
MpOIeCC, CBEJACHHAS

I[TOCTAHOBKA ITPOBJIEMbI

[Ipu paGote MOCTOBOTO KpaHa €ro MeTaJjio-
KOHCTPYKIIUM  TOABEPratoTCsl 3HAYUTEIbHBIM
IMHAMU4YecKuM Harpy3kam [1, 2] (kxonebanus
MeTaJIIOKOHCTpYKuuit [3—-9]) 3a cuer koneOa-
HUH Tpy3a, mepekoca mMoctoBor Oanku [10] m
MEPEXOAHBIX MPOLIECCOB B AeKTponpuBoze [11]
OpU pexXuMax mycka u Topmoxenus [1, 12].
OTO NPUBOJUT K MOBBILICHHOMY PACXOMy dJIEK-
TPOSHEPIUH, YXYIAIIECHUIO YIPABISIEMOCTH Kpa-
HOM, M3HAIMBAHUIO MEXaHUW3MOB M HeECyIIeH
KOHCTPYKLMH KpaHa. DTH SIBJIEHUS NPUBOIAT K
NPEXICBPEMEHHOMY BBIXOJY U3 CTPOs KpaHa, B
pe3ynbTaTe 4ero UMEIT MECTO MPOCTOM KpaHa,
KOTOpBIE HECYT 3a c000il MaTepualbHbIE 3aTpa-
Thl. Penmmth 3Ty npoOiemMy MOXHO C MOMOIIBIO
pa3pabOTKK CHCTEMBI yIpaBJICHUS, BBITIOIHSIIO-
el yrpagJsiroree Bo3aeiicteue [8—11, 13-16]
Ha 3JjeKkTponpuBoA. [ns co3maHus Takux cu-
CTeM YIpaBJCHUN HEOOXOIUMO BBIOpATh KpHU-
TEPUI ONTHUMHU3ALUHU, IPU KOTOPOM BBIIIEYKa-
3aHHbIE SIBJICHUS CBOJATCS K MUHUMYyMY. Kpome
TOTO, HEOOXOAUMO IMPOBECTH CHUHTE3 OMNTH-
MaJIbHBIX 3aKOHOB JIBMOKEHUsS [16] u mccmeno-
BaTb caMy JIMHAaMHUKy JBMXKEHUS MOCTOBOIO
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KpaHa M0 ONTUMAJIbHBIM 3aKOHaM JBH)KEHUS C
HCHOJIb30BAHUEM MATEMATHYECKOIO MOJIEIUPO-
BaHMUSI M YMCJIECHHBIX METOJOB pEIICHUS ypaB-
HEHUH.

AHAJIN3 ITOCJIEJHUX I/ICCUHEI[OBAHI/H\/'I
N ITYBJIMKALIN

HccnenoBanusiM TUHAMUKA JIBHXKEHHUS MO-
CTOBBIX KPaHOB, ONTHUMH3AIMU U DPa3pabOTKe
CUCTEM YIpaBJE€HHUS JUIsl peaju3aluu OINTH-
MaJbHBIX PEXUMOB MOCBSAIIEHO JOCTaTOYHO
00JIBIIOE KOJTMYECTBO HAYYHBIX TPYIOB.

ABTOpBI pabothl [1] WccmemoBamu omycka-
HHE Tpy3a B PEKUME TUHAMUYECKOTO TOPMOXKE-
Hud. VccnenoBaHus mokasaiu, 4to Kod(duiu-
€HThl JUWHAMHUYHOCTH HArpy30K B KaHaTax H
METAJNIOKOHCTPYKIIMM KpaHa 3aBUCIT OT BBICO-
Thl OIYCKAHUS U YMEHBINAIOTCA MPU €€ YBEIU-
yeHuHu. ABTOpHI pabOThl [2] mpemtoxuim pas-
paboTarh mporpammy A HHKEHEPHBIX pacue-
TOB IEPEKOCHBIX HAarpys3oK, JACHCTBYIOIMX Ha
KpaHbl MOCTOBOTo Tuma. [Ipennoxen moaxoxa x
pPEILICHUIO BAXKHOW YacTU MPOrpaMMbl, KOTOpas
CBSI3aHA C MOJEJIMPOBAHUEM OCTOBA MOCTOBOIO
KpaHa KaK CTaTUYECKU HEONpPeNIeNIeHHON CUcTe-
™Mbl B cpenie MS Excel. ABTopsr paboTsl [3] pas-
paboTanu MaTeMaTUYeCKyl0 U MMHUTAIMOHHYIO
MOJIeM JABUKEHUS B TOPU30HTAIBHOU IJIOCKO-
CTH 3JIEKTPOIIPUBOJA MEPEMEIICHUS MOCTOBOIO
KpaHa, KOTOPbIE YYUTHIBAIOT: YIPYroCTh MpH-
BOJHBIX BaJIOB, IVIABHOW M KOHIIEBBIX OaJoK,
yITIbl YCTAaHOBOYHOI'O IIE€pPEKOca KOJIeC, B3auMO-
JEICTBUE 4YeThbIpeX LMJIMHAPUYECKUX IBYXpe-
OOpAHBIMH KoOJIEC C penbcamu. B pabote [4]
IIPOBEJCHO HCCIEIOBAaHUE METANIOKOHCTPYK-
UM MOCTOBOro KpaHa. OmpeneneHbl KecT-
KOCTb, COOCTBEHHBIE YacTOTHl M (OPMBI KOJe-
Oanuii. ABTOpHI paboTHI [5] HccienoBanyu Koe-
OaHMs MPOJETHON OaTKK MOCTOBOTO KpaHa Jist
Pa3IMYHBIX YYaCTKOB METAIJIOKOHCTPYKLIHHU M
IpU Pa3INYHBIX MOJIOKEHUSIX TEIEXKKU. ABTO-
pamu paboTel [6] Ha ocHOBe ypaBHeHUs Jla-
rpaH)a BTOPOro pojJa MOCTPOECHA MaTeMaThye-
CKasi MOJEJb, MO3BOJISIIOIIAS MCCIEN0BaTh KO-
nebaHusi OalKd MOCTOBOTO KpaHa C IMepeMeH-
HOM MAacCOM M HArpy3KOW B 3aJaHHBIM MOMEHT
Bpemenu. B JloHbOacckoil ManmmHOCTPOHUTENb-
HOW akazieMuu [7] MpeasioKuan HCIOIb30BaTh
BOJIHOBYIO IIEIIHYIO IIepe/iauy B KauecTBE AUHA-
MHUYECKOIO TacuTensl KojeOaHWHW METaJUIOKOH-
CTPYKIIUM MOCTOBBIX KPaHOB, KOTOpasi MO3BOJIs-
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€T CHU3UTh KOA(PPUIMEHT IUHAMUYHOCTU Ha
15-20%.

Crnenyer OTMETUTH aBTOPOB, KOTOPBIE MPO-
BOJMJIM TUHAMUYECKUN aHAIU3 U MPEIJI0KUIN
VIIPABJSAIONIEE BO3JICUCTBHE JUISI CHUIKCHUS
Harpy3ok. ABTOpbI [8] WcciaenoBaly AUHAMUKY
JBUKEHUSI MOCTOBOIO KpaHa IIO PEIbCOBOMY
NyTHd W TPEAIOKUIN CHUCTEMY YIPABJICHUS
3JIEKTPOIIPUBOJIOM, OOECIIEUUBAIOIIYIO JBUXKE-
HHUE KpaHa ¢ MUHUMAIbHBIMH JHHAMUYCCKAUMHU
Harpy3kamu 0e3 KOHTAaKTOB U CTOJKHOBEHHUM
pedopl XOOBBIX KOJIEC C pelIbcaMU MOJIKPaHO-
Boro myru. B pabote [9] mpemioxkena Moaensb
3JIEKTPOIIPUBOJIa MEXaHHU3Ma MOAbEMA C YUETOM
nporuba MOCTOBOM Oaiiku, yMpyrocTu KaHara,
BIIMSHUS HAJIOKEHUSI U CHSTHUSI TOPMO30B, JIH-
HaMUK{A BBIOOpa CIaOMHBI KaHaTa OT HYJIEBOIO
HAaTSDKEHMS 10 OTpbIBA IPy3a OT ONOpPBI U U3Me-
HeHUs KOA(pPUIIMEHTa >KECTKOCTH KaHaTa B
npolecce nepemenieHus rpysa. s nuaeinoro
BapuaHTa cxeMbl (0e3 ydera yka3aHHBIX HEINH-
HEHHBIX NapaMeTpOB) CHUHTE3UPOBAH MOJANIb-
HBII PErynarop, KOTOPBIM IMOJABISIET YIpyrue
koneOanus. ABtopamu [10] crnpoekTHpoBaHO
CUCTEMY OIpPaHMYEHMSI IIepeKoca MOCTOBOIO
KpaHa Ha OCHOBE CpaBHEHHUS aOCOJIIOTHBIX TIe-
pEMEIIEHNH OMOp MOCTa KpaHa, KOTopasi Ipo-
BEpsUIach C MOMOUIBI0 MaTeMaTUYeCKOH Moje-
mu. B pabote [11] uccmenoBany onTUMalbHOE
yIpaBJEHUE 3JIEKTPOIIPUBOJOM MEXaHHU3Ma Iie-
peMEIlieHUs] KpaHa C MOJABEIICHHBIM IPY30M U
OPEIIOKUIN PEKOMEHJANU MO OCYIIECTBIIE-
HUIO TEPEKIIOYEHHUI YNPaBIISIOIIETO BO3ICH-
CTBUSI C LEJIbI0 OIpAaHWYEHUS IUHAMUYECKHX
Harpy3o0k B 3JIEMEHTaX KHHEMaTUKU. ABTOpamMH
pabotel [12] mpoaHaIM3UpPOBAH PA3rOH MOCTO-
BOTO KpaHa. B kauecTBe OCHOBHOrO napamerpa
UCIIONB30BAJICA 3aKOH M3MEHEHUs MOMEHTa
9JIEKTPOJBUTATENSl IO €r0 MEXaHWYECKMM Xa-
pakrepuctukaM. B pabote [13] mpemmoxkeHo
PEKyIIEpaTUBHOE TOPMOXKEHHME Ha KpaHax, KO-
TOpOE€ TO3BOJIAET HAKIaAbIBaTh TOPMO3a Ha
MOJTHOCTBIO OCTAHOBJICHHBIN 3JIEKTPOIBUTATED,
YTO NPAKTUYECKH MCKIIOYAECT HaIM4ue TUHa-
MUYECKMX Harpy30K Ha METAJUIOKOHCTPYKIIUIO
¥ MEXaHU3Mbl KpaHa. ABTOpbI paboTsl [14] uc-
CIIEJOBAJIM  pacxoJ] DSHEPIUM B 4YacTOTHO-
perynupyeMoM MPUBOJIE MEXaHU3Ma Iepe/BU-
KEHUs TEJEeKKA MOCTOBOro KpaHa. Ompenene-
Hbl 3aKOHOMEPHOCTH M3MEHEHUs COOTHOLICHUS
3aTparT 3HEpruu 3a pabouuil LHUKI MeXaHH3Ma
MEepeBIKEHHUS] B 3aBUCUMOCTU OT MPOAOJIKU-



BSIUECJIAB JIOBEMKUH, BUKTOP KPYILEJIbHULIKN

TEJIBHOCTHU ITYCKO/TOPMO3HBIX PEKMMOB U 3Tama
PaBHOMEPHOI'0 X0Jia MPHU Pa3lIUYHBIX CIIOCOOaX
TopMoxeHus. B pabore [15] mpemioxunu pa-
LIUOHAJIHOE YIIPaBJICHUE JBH)KEHUEM IPy30BOH
TEJIEKKA MOCTOBOTO KpaHa U ONPEAETHIH, UYTO
paluoHaNbHasl MPOJOJIKUTEIBHOCTh OCTAHOBKH
TENSKKH paBHA 3/4 mepuoaa COOCTBEHHBIX KO-
neGaHuil TIpy3a U 3aBUCUT TOJBKO OT JJIUHBI
kaHaTa. [lpennoxkeHa cTpyKTypa MeXaTpOHHOM
CHUCTEMBbI NPUBOJA MEPEMEIICHUS TEIEKKH, KO-
TOpasi COKpaIaeT NPOAOJKUTEIHOCTD HUKIA U
obOecnieyrBaeT 0oJiee TOYHOE IMO3UIIMOHUPOBA-
Hue. B pabore [16] mpennokeHO Tpu 3aKoHA
yIpaBJIEHUS MOCTOBBIM KpaHOM, oOecIedHBa-
IOLIMX TraieHue KoiebaHui rpy3a U CUHTE3UpO-
BAJM TpPeX KOHTYPHYIO CHCTEMY DEryIHpPOBKH
MOJIO)KEHUsSI KpaHa, KOTOpas KOMIIEHCHPYET
BJIMSTHUE KOJIEOAHWM Tpy3a Ha MPOIIECC MO3UIH-
OHMpOBaHUsA. ABTOpbl pabotel [17] peumn
BApUALlMOHHYIO 3a7ayy ¥ ONpPENeNIHJIA OINTH-
MaJbHBIN PEXUM JBUKCHHSI COBMECTHOW pado-
Thl JBYX MEXaHHU3MOB TPY30MOJBEMHOM MaIm-
HBI. /[BHKEeHNE MEXaHU3MOB OIHUCAIN CUCTEMOM
JuddepeHInaIbHbIX YPaBHEHUH BTOPOro IO-
psnka. B paGore [18] nmpumeHeH MeToa yMeHb-
IIeHUs1 KoJieOaHWM Tpy3a Ha THMOKOM IOjBECe
npu paboTe MeXxaHHW3Ma IOBOPOTa CTPEIOBOIO
KpaHa BO BpeMs IIEPEXOJHBIX MPOLIECCOB MyTEM
ONTHUMHU3ALNHNHA PEKUMOB ITYCKA U TOPMOKCHHS
OPUBOJHOIO MEXaHHM3Ma [0 JUHAMHUYECKOMY
KpPUTEPUIO, TPEICTABIAIONMI co00il cpenHee
3HauYeHHE ITUHAMHYECKON COCTaBJIAIONIEH MOIIF-
HOCTU TPUBOJA 3a BPEMs JIBM)KEHHUS. ABTOPHI
pabotsl [19] peumnu 3agady ompeaeiaeHus om-
TUMQJIBHOTO pEeXHMa JBW)KEHUS MeXaHW3Ma
IPY30I0IbEMHOM MAalMHBI IO KPUTEPHIO CPell-
HEKBAIPAaTUUYECKOTO 3HAYCHHS JWHAMUYECKOU
MOIIHOCTH MpHBOaa Mexanu3ma. B padore [20]
pellieHa ONTUMHU3AIMOHHAS 3a/a4a Ul peKuMa
pasroHa OJHOMAacCOBOW JUHAMHUYECKON CHCTe-
MBIl C ITOMOUIpIO METOJIOB BapUaIMOHHOIO HC-
yuciaeHus. [ng ydera orpaHMYeHU, HalOXKEH-
HBIX Ha PEXHUM JBWXEHUS CHUCTEMBI, HCIIOIb30-
BaH MeToJ MHOXuTenei Jlarpamka. B pabore
[21] onTUMH3MpPOBANU PEKUM HU3MEHEHHS BbI-
JeTa rpysa, OaleHHOTO KpaHa KOTOPbIN peayu-
3yeT paboTy MeXaHu3Ma C MUHHMMAJbHBIM OT-
KIOHEHHUS! TMOKOro mojjBeca rpysa OT BepTHKa-
. JInst pemeHus 3a1a9 ONTHMHU3AIAH, UCTIOIb-
30BaHO JIMHAMHUYECKYI0 M MaTeMaTHYECKYO
MOJIETI MEXaHW3Ma HM3MEHEHHUs BbIJIETa Ipy3a
OaleHHOTo KpaHa.
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ITIOCTAHOBKA 3AJAYN

Lenbto paboThI sABIISIETCA ONTUMU3ALIMS T1€-
PEXOJHOTO MpoIlecca Mycka MOCTOBOTO KpaHa
0 KPUTEPHUIO CPEIHEKBAAPATUYECKOTO 3Haue-
HHSl JBHOKYIIETO YCHJIUSA, TIPU KOTOPOM HHTe-
TpaIbHBIA  (PyHKIIMOHAT JBUIKYIIETO YCHIIUS
OyZeT MUHUMAJILHBIM U UCCIIEIOBATh TUHAMUKY
CaMoro MepexoJHOro IMpoliecca Mmycka 3a ONTH-
MaJIbHBIMU 3aKOHAMH JIBH)KCHUS.

N3JIOKEHWUE OCHOBHOI'O MATEPUAJIA

Jns onTuMM3alMu NEpEXOAHOTo Ipolecca
ITyCKa MOCTOBOTO KpaHa W MCCIIEJOBAHMS TNHA-
MHUKH KpaHa 110 ONTUMAJIbHBIM 3aKOHOM JBHXKE-
HUA UCIIOJB3YCM TPEXMACOBYHO AWHAMHWYCCKYHO
Moerb [22].

my

Xo

Puc. 1. TpexmaccoBass nuHaMH4ecKass MO-
JIeJIb MOCTOBOTO KpaHa

Fig. 1. Three-mass dynamic model of bridge
Crane

Ha puc. 1 n300paxeHbl CBEACHHBIC MAaCCHI
m, M,, M, COOTBETCTBEHHO IPy3a Ha THOKOM

noJjiBece, MPUBOJA M KOHIIEBBIX OAJIOK a TaKoKe
KpaHOBOM TenexXKu. Macca npuBoja v KOHILe-
BBIX OaJIOK COeJMHEHA C MPUBEACHHON Maccoi
KpaHOBOW TEJICKKH M OaTKoW KpaHa yIMpyrum
2JIEMEHTOM ¢ kecTKocThio ¢ . K macce npuBona
Y KOHILIEBBIX OAJIOK MPHUIJIOKEHO ABUXKYILEE YCH-
mie F, W cuga compoTUBIICHHS NEPEMEMIEHHUS

Oanku kpana W . B sroit momemm X, X;, X

0000ILIeHHbIE KOOPIMHATHl Macc Ipys3a, IpUBO-
Ja U KOHLIEBBIX OaliOK, KPaHOBOH TEJEKKU U
OaJIKU COOTBETCTBEHHO, a | — JImHa rubKoro
nozaseca rpysa. JIunamuueckass monenb (puc. 1)
OIMCBIBACTCS CIIAyIoIei cucrtemoit audbe-
PCHLMATBHBIX ypaBHEHHI JBUXKECHUS (TOUKa
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HaJl CUMBOJIOM O3HauaeT Au(pepeHIupOBaHUE 10
BpEMEHN):

myX, = F, =W —c(x, — %),

Mm%, = (X, —%,) —?(xl %, @

X),

= Ig(xl - X).

rie. g — yckopeHue cBOOOHOIO MajieHusl.
Hcnions3ys cucremy auddepeHrnanbHbIx
ypaBHeHui (1), 3anuiem:

I .
X, = X+—X,

2

%, = X+—X, (3)
g

% PP (4)

HN3meHnenue ABUWIKYLICTO YCUIIUA OIIpCac-
JISTCI C MaTeMaTHUYEeCKOM MOACIN JUHAMHUKHU
JABUKCHUA KpaHa:

F, =W +X(m, +m+m,)+ I>\2(mll+
e

(m +m)m, (m, +m)Mg, -my |

c c g
B kauecTBe ONTUMH3ALMOHHOIO KPUTEPUS
HCIIOJB3YEM CPCOAHCKBAAPATHUYCCKOC 3HAUCHUC

(GYHKIMHM JIBMOKYILETO YCUJIMS, JIEHCTBYIOILETO
Ha MocT KpaHa. OHO IpeacTaBisieT cOOON UHTe-
rpajibHbIi (DyHKLIMOHAJ, KOTOPBIM HE00X0IuMO
MHUHUMU3UPOBATH!

_ {tl [ [szdt]”z} Ssmin,  (6)

rae. t, — Bpems pasroHa CUCTEMBI.

+m0

YcnoBueM MuHHUMYMa Kputepus (6) ecTh
ypaBHeHue Jitnepa [lyaccona [23] mpu n=6, u3
KOTOPBIX TMOJYIEHO JHHEHHOE OAHOPOIAHOE JH-
(depeHIInaATbHOS YpaBHECHHE JIBEHAJIATOTO IT0-

psiIKa:
Xl X Vil \Y/|

X+ A X+ A, x+A3x+Ax 0. (7)
Jlns pemienust ypaBHeHuUs (8) COCTaBUM Xa-
PaKTepUCTUYECKOE ypaBHEHUE:
+A-r%+A r*+A-r°+A -r*=0.(8)
JIns nanbHeiIero pemeHus BblHeceM I
3a CKOOKH:

rrr+A-r°+A - r* +A-r’+A,)=0, (9
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z=r’=1z (10)
Bemmonaus 3ameny (10), momydaum cueny-
IOlllee YpaBHEHUE:!

22(2*+A 2P +A P+ A2+ A)=0. (11)
Koaddunuentsr A, A,, A;, A, BBIpaKatOTCS
yepe3 rnmapaMeTpbl MOCTOBOTO KpaHa!

Alzz(g'mo(m_'l—ml)-i'c'l(mo+m1)), (12)
.mO.ml
2-c-g-I-m, -m(m+m, +m,)
AZ: |20 21_m2 : - +
0 1
(13)
+(g'mo(m+m1)+c‘|(mo+m1))2
|2' Oz.mlz '
A3=2-c-g(m+mo+ml).
12-m,*-m,? (14)
“(g-my(m+m,)+c-1(m, +m,)),
2 2 2
A4=c -g°(m+m, +m,) ' (15)

12.m,*-m,’

B maremaruueckoit mozaenu (1) BBIMOJIHUM
npeoOpa3oBaHus, YTOObI OINpPEAETUTh KpaeBble
YCIIOBHSI BMKEHUS MPUBOJA M KOHIIEBHIX Oa-
JIOK:

m1(5<'+|al>\2) = CX, —c(x+|§x') —mx. (16)

N3 Beipaxenus (16) onpenensier 00001eH-
HYIO KOOpJIUHATY MPUBOJIA U KOHIIEBBIX OAIOK:

+m; (17)

C

Jlnsa omnpeneneHuss CKOpPOCTH NpUBOJA U

KOHIIEBBIX Oayiok mnpoauddepeHupyeM 3aBHU-
cuMocTs (18) mo BpemeHu:
I

(m+m1 LAY
g

Jnis ompeneneHusi yckopeHus mpoaudde-
PEHIIUPYEM BBIpAKEHHUE (19) o BpeMeHH:

m+m Vom|V
L )x+ —+4
g cg

m
=X+(

Iy, mlvV
X, —)X+—X.
C

\%
X, = X+ Lmy (18)
¢g

Ko =X+ ( x . (19)
C yuetom BeipakeHuit (2) - (4) u (18) - (19),
MOJyYUM KpaeBbIe YCIIOBHUsS, KOTOpbIE OyIayT

UMETb BUJ:
v
t=0;x=0;x=0;X=0;X=0; x =0;x=0,

\
t—tl,x_\gx V;X= Ox_Ox 0.

\

(20)

AHaIUTHYECKH PELIMTh ITO YpaBHEHHE HE
yAaeTcsi, MOATOMY Uil MPHUOJIMKEHHOTO perlie-
HUS KCIOJIb3yeM METOJl KoJulokauuu [24].
B cooTBeTcTBUM € 3THM METOAOM, OyrneM Tpe-
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00BaTh PaBEHCTBA HYIIIO CIIOKUBILENCSl HEBS3KU
ypaBHeHHUs Junepa-llyaccona B MOMEHTHI Bpe-

vern 1K (k=1, 2, 3, 4). Dto TpeboBaHUE

MAaTEMAaTUYCCKHU 3aIlIMChIBACTCA B BUAC CUCTCMbI
anreOpanyecKuX ypaBHEHUM:

L(X)|_r«, k=1, 2,3, 4, (21)
6

rae L — oneparop, KOTOPOMY COOTBETCTBYET
muddepennnansHoe ypasuenue (7).

Hcnonp3ys BhIlIEyKa3aHHBIE KPaeBbIE YCIIO-
BUs (21) u paBeHCTBAa CIOXMBILICHCS HEBS3KU
ypaBHeHus Ditnepa-Ilyaccona, pemeHa kpaeBas
3ajjaya M TOJy4EeHBbl CIEAYIOIME 3aBUCUMOCTH,
XapaKTEpU3YIOIME MEPEXOJAHON IpoLECcC MycKa
MOCTOBOro kpaHa. OHU HMMEIOT 3HAUUTEIbHBIN
00BeM U TYT He MpuBeAEHBI. JlJis OLIeHKH moJe-
YEHHOT0 MPHUOIMKEHHOTO PEIICHUSI TTOCTPOUM

rpaduku (puc. 2 — puc. 9):

Xy 6., Mfc

0.5
04
0.3
0.2

0.1

¢

05 10 15 20 25 30
Puc. 2. I'paduk M3MEHEHUs CKOPOCTH KOH-
LIEBBIX OAJIOK KpaHa
Fig. 2. Graph changes velocity of ends-
girders

Xp 5., M[c?

0.5
04
0.3
0.2
0.1
/\

05 N/ 15 b 25 30

Puc. 3. I'paduk wu3MeHeHUs YCKOpPEHUs

KOHIIEBBIX Oal0K KpaHa
Fig. 3. Graph changes acceleration of ends-
girders
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Xg, Mfc

0.5

0.4

0.3

0.2

0.1

, C

05 10 15 20 25 30
Puc. 4. I'paduk U3MEHEHUsI CKOPOCTH TOJ-
BEILIEHHOTO TPy3a
Fig. 4. Graph changes welocity of the
suspended cargo

Xg, M/C?
0.35
0.30
0.25
0.20
0.15
0.10
0.05

, C

05 10 15 20 25 30
Puc. 5. I'padux u3MeHEHUS YCKOPEHHUS
MOJBEIIEHHOIO Ipy3a
Fig. 5. Graph changes acceleration of the
suspended cargo

F, H
1500
1000
500
tc
0.5 1.0 1.5 20 25 3.0
Puc. 6. I'paduk wu3MeHEHUS IBUXKYIIETO

yCHUInsA KpaHa
Fig. 6. Graph changes the driving force of
the crane
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F., H
1200

1000
800
600
400

200

t, ¢
05 1.0 15 20 25 3.0

Puc. 7. I'paduk m3mMeHeHUs ympyroro ycu-
JIMSl B MOCTOBOM Oalike KpaHa

Fig. 7. Graph changes of elastic force in
bridge girder crane

;‘1‘1{;@: Hu

t, ¢
0.5 1.0 1.5 2.0 2.5 3.0

Puc. 8. I'paduk m3MeHeHUsS MOMEHTaA TIPH-
BOJAHOIO IABUTIATCIIA MCXaHHU3Ma INCPCMCUICHUA
MOCTa KpaHa

Fig. 8. Graph changes output torque the
drive motor of mechanism moving the bridge
crane

i—i,, mfc

0.2

0.1

0.10 157"

-0.1

-0.2
Puc. 9. ®a3oBblii nopTpeT Konedanuil rpysa
OTHOCHUTEIFHO MOCTOBOM OaJIKi KpaHa
Fig. 9. Phase portrait of fluctuations cargo
relative bridge beam of the crane

BbIBO/IbI

1. B pesynbrare peuieHus ONTHMHU3AIUOH-
HOH 3a/lau MO KPUTEPUIO CpPeAHEKBaApaTHye-
CKOTO 3HAYCHWS JABUIKYINECTO YCHIIHS MOTY4CHBI
rpaduyecKkie 3aBUCHUMOCTH CKOPOCTEH mpuBe-
JNEHHBIX Macc, (pa3oBBIA MOPTpPET KoJeOaHwit
rpy3a OTHOCHTEIHFHO MOCTOBOH OalKu, OTKyJa
BHUJIHO, YTO TPy3 OTKJIOHSIETCS OT TOPU30HTAIH
Ha 0,15 M ipu uyinHe kaHata 4 M.

2. CTOUT OTMETHUTH YTO IOCJE AOCTHKCHUS
HOMHUHAJIBHONU CKOPOCTH KpaHa KoJjeOaHUs Tpy-
3a OTCYTCTBYIOT. M3 rpadmka yrpyroro ycuius,
JNEHUCTBYIONIETO HA MOCTOBYIO OalIky KpaHa
(puc. 7) BUAHO, YTO MHUKOBOE 3HAYCHUE YCHIIUS
paBHO 6su3ko 1200H.

3. Tarke momydeHbl TpaduKe JIBUIKYIIETO
YCUJIMSL W KPYTSAIIETO MOMEHTa TpexdasHoro
ANIEKTPOJBUTATENSI ¢ 3aMKHYTBIM POTOPOM, KO-
TOpBIE MJIABHO U3MEHSIOTCS BO BPEMEHU .

4. Pe3ynbTaThl JAHHOTO HCCIEIOBAHUS MO-
IyT OBITh WCIOJB30BAHO I Pa3pabOTKd CH-
CTeMbl yIpaBJeHUS KPaHOM C IOMOUIbIO 4Ya-
CTOTHOTO MpeoOpa3oBaTelis U MUKPOKOHTpPOJIE-
pa s YIpaBJICHHS JJIEKTPOIPUBOIOM MeXa-
HU3Ma MepeBUKEHNSI MOCTOBOM OaJKi KpaHa.

5. Hcrmonb3oBaHme TakoW CHCTEMBI JacT
BO3MOXXHOCTh ~ YMCHBIIMTH  JTUHAMHUYECCKHE
Harpy3kd Ha METAJUIOKOHCTPYKIMM KpaHa, a
TakkKe H3HOC MEXaHH3MOB. B pesymbraTte wuc-
MOJTB30BAHUSI TAKOH CUCTEMBI YIPaBJICHUS TO-
BBICUTCSL HAJIGKHOCTh U MPOMIUTCS CTPOK IKC-
TTyaTaliy KpaHa.
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OPTIMIZATION OF START MODE
BRIDGE CRANE ON CRITERION MEAN
SQUARE VALUE OF DRIVING FORCE

Summary. In work, the resolwed problem of
optimization the transient process start the
mechanism movement of a bridge beam the
crane on the criterion of mean square value driv-
ing effort that is minimized is solved. For syn-
thesis of the optimum law of the movement, the
transitional mode launch the crane used the
three-mass dynamic model of the crane, on the
basis which received the system of the differen-
tial equations of the movement of the crane.
From this system received the criterion of mean
square value of driving effort of the mechanism
movement the crane, minimization of which has
given the chance to receive the differential
equation for definition of the optimum mode the
movement by the crane. The optimum mode of
the movement the crane is received result of the
solution the differential equation the twelfth
order by method of collocations, which was
impossible analytically to solve this equation.
Results of optimization illustrated with sched-
ules of speeds and accelerations of the specified
mass of trailer beams, a bridge beam and
freight, and schedules of the driving moment of
the engine and driving effort. It should be noted
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that after the end of transition process launch
the crane behind the optimum law of fluctuation
of freight is absent, and during the process of
launch of the crane the deviation of freight does
not exceed 0,15m with a length of rope of 4 m.
The synthesized laws of the movement can be
used for development of the system control the
bridge crane, based on the microcontroller and
the frequency converter, which will work in real
time. Use of such system will give the chance to
reduce dynamic loads of a crane metalwork, and
wear of mechanisms. As a result of use of such
control system reliability will increase and will
last lines of operation of the crane.

Key words: dynamic model, mean square value
of driving effort, the bridge crane dynamic load-
ings transitional process, the reduced weight.
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NCCJIEJOBAHUE KAYEHUA KATKA C PUOAMMU .
B IMTPOJOJIBHO-BEPTUKAJIBHOU IIJIOCKOCTH I1PU B3AUMOJAEUCTBUHU
C CTEBJISIMHU KOHOILIA
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AnHoTanmusa. B cratee  paccMOTpeHO
JIBUKEHUE B MPO/I0IBHO-BEPTUKAIIbHON
MJOCKOCTH KaTka ¢ pudamu mo mapy crebreit
npu HOPUTOTOBJICHHHN TPECThl KOHOIUIM U
ONpeneIeHbl 3HAUYECHHE yria MEXIY
HalpaBJIEHUEM BEKTOpa CKOPOCTH KOoHIa puda
N BCPTUKAIBIO, @ TAK)KC BPCMCHHU MMCPEMCIICHU A
KaTKa MO CTe0JII0 KOHOIUIM B 3aBUCHUMOCTH OT
YIJIOBOM CKOPOCTH €0 BpalCHHUS.

llenbto  paboOTBl  sBISETCS  MOJIydEHHE
AHAJTUTUYECKUX  3aBHUCHMOCTEH,  KOTOpbIE
OIIPEIEIISIOT 3HaUeHHE yria MEXTY

HalpaBJICHUEM BEKTOpa CKOPOCTH KOHIa puda
U BEPTUKAJIBIO, @ TAKKE BPEMEHU MepEeMELICHU S
KaTKa MO CTEOJI0 KOHOIJIM B 3aBUCUMOCTH OT
YIJIOBOM CKOPOCTHU €0 BpallcHHUS.

OTMeueHo, YTO 3HAYEHUE HTOr0 yriaa TeM
MEHBIIE, 4eM Omkxe KOHEI] puda
MepeMen@eTcss BHHU3 K TOPU30HTAIH, a MpHU
JIOCTHKEHUH ATOTO TMOJOKEHHS 3HAUECHHE yria
CTAaHOBHUTCA PaBHBIM HYIIIO.

[lonydyeHHble aHATUTHYECKUE 3aBUCHUMOCTHU
MOTYT OBITH WCIIOJIb30BAHHBIMH TIPU CO3JaHUU
arpe€raToB IJid IPUTOTOBJICHH A TPECThI KOHOIIJIN
B OCCHHE-BECEHHU U MEPHO/I.

KuiroueBble €10Ba: KaToOK, KaTOK ¢ pupamMu,
cTebesb KOHOIIN, TEXHOJIOTUH TTPUTOTOBIICHUS
TpecTa KOHOILJIH.
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[NOCTAHOBKA ITPOBJIEMbI

[lepcrieKTUBHBIM BBINJISAUT MPUMECHCHHUS B
TEXHOJIOTUSX MPUTOTOBJICHHUS TPECThI KOHOILIH
arperaToB ¢ O€3MPHUBOTHBIMUA POTAIMOHHBIMU
pabouumMu opraHamu. Takue opyaus He
TPEOYIOT CJOKHOM W HEHAJS)KHOW CHCTEMBI
npuBoga ot BOM Ttpakropa [1m5]. B orimuune
OoT pabOYuX OPraHOB pPa3pPHIXJIUTEIBLHO THIIA
(;mamr), oOHM CHOCOOHBI CAaMOOYHIIATHCS OT
HQIUTNIIMX YacTHI[ TOYBBl W PACTUTENBHBIX
ocraTkoB. K mpeumyiiecTBamM OeCIpUBOIHBIX
POTAI[HOHHBIX Pa0OYNX OPraHOB OTHOCST:
CIOCOOHOCTh  paboTaTh Ha BBICOKHX
ckopoctsix (9-15 km/94 u Gomee), 4TO MO3BOJISET
Ooyiee TIOJHO WCIIOJB30BATh IHEPTETHYCCKHE
BO3MOXXHOCTH  COBPEMEHHBIX  CKOPOCTHBIX
9HEPrOHACHIIICHHBIX TPAKTOPOB,

- OTHOCHUTENIBHO BBICOKAs H3HOCOCTOMKOCTD,

- CPaBHUTEJILHO HU3KAasl dHEPTOEMKOCTb,

- He TpeOyIoT TIIATEIBHOTO yXoIa M
PEMOHTA,

- IPOCTOTA KOHCTPYKIUH [7].

becripuBogHbBIE  POTAI[MOHHBIE — paboune

OopraHnbl ABWIXKYTCA 3a CUCT pPCaKIHNHU CTe6J'Ief/'I,
BpaliadaCb B HAIIpaBJICHHUH IIOCTYIATCIBHOIO

nBrokeHust  opynus.  OKpyKHas  CKOPOCTh
nepuMeTpa (KOHIIOB pudoB) paBHa
MOCTYMATeIbHOW  CKOPOCTH  OpyIOHsl WM

HC3HAYUTCIIBHO OTJINYACTCA OT HEC B CTOPOHY
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NCCIIEAOBAHME KAYEHUMA KATKA C PUDAMU
B ITIPOJI0JIbHO-BEPTUKAJIBHOM TJIOCKOCTH ITPU B3AMMO JIEVIC TBUM
C CTEBJIXIMU KOHOILUIN

yckopeHnus win 3amemienus. Cpenn (yHKIUH,
KOTOpble HauOoJiee MpUBJIEKATENbHBI C TOYKU
3peHHs]  WCIIOJIb30BAaHUS B TEXHOJIOTHSX
MIPUTOTOBJICHHUS TPECTHI, OTMETHM
W3MeNIbUYeHHE, YIUIOTHEHHE (IIPUKATHIBAaHUE) W
BBIpaBHHUBAHHE.

OcHOBHO 3aaueii TPUKATHIBAaHHUE SBIISETCS
VIJIOTHEHHUE CJI0Si cTebNiell KOHOIUIM C IIeNbIO
MHTEHCU(UKAIIMN OMOJIOTHUECKUX MPOLIECCOB U
CO3MaHMSI  ONTHMAIBHBIX  YCIIOBHUH s
noyydeHuss TpecThl. [Ipm Takux ycioBHSX
VIJIOTHEHHBIH CcJIOW cTebneil OymeT mpukar K
MOBEPXHOCTH MOYBHI, 9TO Oyzner
CHOCOOCTBOBATh JIydllleMy KOHTAaKTy C IOYBOM
u obecnedyeHus ux Biarol. Kpome Toro,
VIJIOTHEHHBIM cloil  crebiielt  mpenoxpaHseT
MOYBY OT UCIApPeHHUs BIard. YIUIOTHEHHBIE
cTeOJIM KOHOIUIM JIy4Ille MOJOMPAIOTCS Mpecc-
MTOI0OPIIMKH,

Karku ¢ pudamu mnpenHasHayeHbl s
paspylieHusT OJHOPOTHOW CTPYKTYphI CTEOIIs
KOHOILIM  Onarojapsi  KOHTakTy €  HHUM
IUJIMHAPUYECKOH TOBEPXHOCTBIO KaTkKa, a
TaKKe TOYCUHOTO BJIaBJIUBaHUs puda B cTedesb
C LEJIbI0 YMEHBIICHUS YCUITUN Ha €r0 M3JI0M BO
BpeMsi BBITIOTHEHUS TEXHOJOTUYECKOM
omeparuu moadopa mpecc-mo00PIIKOM.

AHAJIU3 TIOCJIEJIHAX UCCJIEJJOBAHMIA
1 TTYBJIVK AL

B ureparype NpHUBOAUTCSA TOCTATOYHO
JIAHHBIX TI0  OMNPENEIECHHUI0 3aBUCHUMOCTEH,
KOTOpPbIE OIMKCHIBAIOT B3aUMOJICHCTBUE KaTKa C
nouBoil [6, 8], mokazaHo, 4TO I OOBEKTOB
JTAHHOTO THUIa Haubosee MpUEeMIIEMbIE METOIbI
MaTeMaTU4yecKkoro MozenupoBanusa. OaHako
uccnenoBanueie Mojxenu [9—11] He yduThIBAIOT
BCEX 3HAYUMBIX (PAKTOPOB KOTOPHIE BIUSIOT Ha
npolece B3aUMOJEICTBUS KaTKa c
pacCTUTENBHEIM MaTEpHAIOM.

[NOCTAHOBKA 3ATIAYN

Lenpto  paboTel  sABIAETCS
AHAJTUTUYECKUX  3aBHUCHUMOCTEH, KOTOpbIE
ONPEIEIISAIOT 3HaYeHue yria MEXTy
HalpaBJICHUEM BEKTOpa CKOPOCTH KOHIIa puda
U BEPTUKAJIBIO, @ TAKKE BPEMEHHU MEPEMEILCHUS
KaTKa MO CTe0JII0 KOHOIUIM B 3aBUCHUMOCTH OT
VITIOBOM CKOPOCTHU €T0 BpAIlCHUS.

IMOJIYYCHHC
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N3JIOKEHUE OCHOBHOTI'O MATEPUAJIA

PaznuuaroT KaTKM TajKue W Takue, Y
KOTOPBIX MO IWJIMHAPHYECKONH ITOBEPXHOCTH
NEPIEeHIUKYIIIPHO HAMNpPaBICHUIO JABUKEHUIO
3aKkperieHbl pudsl (puc. 1).

I'mankue KaTku KOHTAKTHPYIOT CO CTEOISIMHA
BCEH IIMIMHAPUYECKON ITOBEPXHOCTBIO.

VY kaTkoB ¢ pudaMu BO3MOXKHO HECKOJIBKO
BAPHAHTOB B3aWMOJICHCTBUS CO CTEOISAMH:
TOJIBKO pH(bl, WJIN YepelOBaHUE BO3ICHCTBUS
puda U MUIMHAPUIECKON MOBEPXHOCTH KaTKa.

B 3aBucuMOCTH OT Ha3HAYEHU S KATKA MOTYT
coJiep>KaTh pUQbl OJUHAKOBOTO MPOGMIIS, HIN
KOMOWMHAIIMIO Pa3IMYHBIX MO0 KOHQUTYparuu
npoguiei.

XapaKrep B3aHMOJICH CTBUS KaTKa Cco
CTEONSIMU 3aBHUCHUT KakK OT XapPaAKTCPUCTUKU
BaJiKa (TOJ'IH_II/IHa, KOJIMYECTBO n

XapakTepucTuka crebseil B Bajike, (U3UKO-
MEXaHUYECKUE CBOMCTBA, 3aCOPEHHOCTH), TaK U
OT mapaMmeTpoB KaTka (BbicoTa puda, mpoduisb
puda, Bec KaTKa).

[IpenmymectBeHHO pud 3akperiseTcss K
MIOBEPXHOCTH KaTka TakuM 00pa3oM, 4TO
o0Opa3zyeT C HalpaBJIeHUEM JABWXXKEHUS KaTka
yron 90°.

Bo BpemMs JnBuKeHMsA arperata KaKablid
KaToOK ¢ pudamMH BpalmpeTcs BOKPYr CBOCH OCH.
OTO  JABWXKEHHME  OCEH  MPOUCXOIUT  Ha
OJIMHAKOBOH BBICOTE OT MMOBEPXHOCTH MOYBBI, HA
KOTOPOM PACIIOIOKEH PACTUTEIIBHBINA MaTepuall.
Cxema nBMXKEHMS KaTka ¢ pudamu IpuUBEIeHA
Ha PUCYHKE.

[yctp karok ¢ nentpom O, mepememaercs
COCTaBe arperata TakuM o00Opa3oMm, 4TO
V 0]

(0]
TOPU30HTANN, a TIyOMHA MOTPY)KeHUs pUQOB y
pacTUTENBHBI ~ MaTephall  He3HAYHMTEeIbHA
(puc. 1).

BzaumopeiictBue  crebiass € KaTKOM,
KOTOPBI UMEET PHQBI, PACCMOTPHUM IPH TAKUX
BO3MOJKHBIX ~ BapHaHTaX. BbicoTa  pu(OB
HE3HAUYMTEIbHA, A  MEePUOJUYHOCTh  HX
pa3MeIeH s 110 IMJINHIPUIECKOI TOBEPXHOCTH
BBICOKasI.

[lpn Takux yclHOBUSX KATOK (DaKTHUECKU
nepekateiBaeTcsa ¢ puda Ha pud, TO €cTh cO
CTEOJIIMM  KOHTAKTUPYIOT  TOJBKO  PUHI,
OUIMHAPUYECKass TMOBEPXHOCTh  KaTKa  HE

B

CKOPOCTh OCHTpa HalipaBJICHa II0
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KOHTaKTUPYET CO cTebsieM, KOMOMHUPOBAHHBIN
BapHaHT (IIOOYEpeHOEe B3aUMOJCHCTBHE) CO
crebnem (cTeOmsiMu) puda U IUITUHIPUISCKON
MTOBEPXHOCTHU KaTKa.

To ecTp mIOIAb KOHTAKTA (OYar KOHTAKTa)
cTeOJisi BCIIEACTBHE €r0 B3aWMOJCHUCTBUS C
LAJTMHIPUYECKOM MTOBEPXHOCTHIO KaTKa
XapakTepu3yercsi — CIUIONHOW  jmedopmanueit
cTebs, a ¢ pudomM — MECTHOM (ITpoJaBIMBaHKE
HE3HAYUTEJIbHON YacTu).

Ha puc. a npuBeneHa cxema JBUXKEHHS 10
mapy crebiiedl KOHOIUJIM KaTka ¢ pudamu npu
HEOOJIBIION TITYOUHE MX MOTPYKEHUS.

AHanmu3 pUCYHKa IOKa3bIBaeT, YTO BEKTOP
V, ckopoctu Touku K puda HampasieH mop
YITIOM ¥ K BEpPTUKAJIH.

DTOoT  yroia  BJIMsAET ~ HA
nedopmupoBaHusl  (M3MEHEHUS
crebueit koHorur. OTpenenum ero.

[Ipsimoyroneuble  TpeyronbHukn KAA, un

KAA' nonobusl, a ymst KAA, u KAA/

paBHbl y. M3 TpeyrompHuka KAA, TaHreHnc

KA,

YCIIOBUSA
CTPYKTYPHI)

yriia y paBE€H , Toraa.

y =arctg KA (1)

| /42/ A

rae. KA, — paccrosHMe OT KOHIA puda KaTka

J0  TOBEPXHOCTH  IIOYBBI, Ha  KOTOPOH
pacronoxeHsl ctebnau, a A,A — paccTosHUE OT

TOYKH A, 110 ToUkH A .

Crout OTMETHTh, YTO TNpU paboTe KaTka
KENATeNbHO, 4YTOOBI CKOPOCTH V, B MOMEHT

Hauaja KoHTakrta puda u crTebns He OblIa
OTKJIOHEHA OT BEpTHKAJIH.

B mporuBHOoM  ciaydae = HEOOXOAMMO
COOI0aTh YCIIOBUSI HAWMEHBINETO 3HAYCHHUSI

yra y.

VYunteiBas, uto paccrosuue OA =1, , Tre

p 2

I, — paguyc kaTka ¢ pudamu, a yron KOA

p
paBeH « (puc. a), To u3 tpeyronsHuka OAK

HaxoJIuM
KA =2r, sin% (2)

rae. a — yroxn mexay pupamu O A n O K.
O6oznaunm yepe3 h, — paccrosHnme or

Toukn K 710 Touku A,, TO €CTh 3TO PACCTOSAHHE
ot Touku K 10 moBepxHocT noyssl. Torna us
TpeyronsHuka KA, A, naiinem:

h = (KA) —(AA).

©)

b

Puc. 1. Cxema B3aMOICHCTBUSI KaTKa, KOTOPBIA UMeeT pudbl, cO CTeOIEeM KOHOTLIH
Fig. 1. The scheme of interaction rink, which has reefs, with a stem of hemp

92



NCCIIEAOBAHME KAYEHUMA KATKA C PUDAMU
B ITIPOJI0JIbHO-BEPTUKAJIBHOM TJIOCKOCTH ITPU B3AMMO JIEVIC TBUM

C CTEBJIIMH KOHOIUIN
VuuTeIBas, 9TO h =KAsiny, a | z(r.+h)) @)
A A =KA cosy, To B pe3yabTaTe MoIy4uM P 180

2

h

. a
21, sin—
2

1- 4)

CoSy =

Ananusupys ypaBHeHue (4) OTMETHM, UTO
yMEHbIIIEHUE  BBICOTBI N, mpuBOIUT

COOTBETCTBYIOLIIEMY YMEHBIICHUIO yIia 7,
ciydae, xorga h, paBHa 0, yron y Takke paBeH

K

B

0, a ckopocte V, Oyzmer HampapieHa IIO

BEPTUKAIA BHU3, TO €CTh JedopMarus cTeOms
OyIeT OCYILIECTBIISITHCS 110 BEPTUKAIIH.

Takoil BapvaHT B3aUMOIEHUCTBHUS CIEAYET
OTHECTH K TaKUM, MPU KOTOPOM CHUIBI TPCHUS
puda co crebaem OymayT MEHBIIE, YEM TIPH YIJIE
y OoJblie HYJSL

h,,.

3Mm Fﬂe

hl’_

paccrossHue otr Toukdn K g0 crebma, h

Yuuteigas, urto h =h'+

3M
IyOMHa TMPOHUKHOBEHHUs puda B cTedsio, TO
BbIpakeHue (4) mpuMeT BHI:

hl' + (hcm — hcm’)

. a
2, sin—
2

1-—

®)

cosy =

h

!
.m — HauaibHag, a h, — ocraro4Has

rie.

(mocne B3auMOJEHCTBUSA M3 pudOM) TOJIIMHA
cTelus.

BaxxHOl ~ XapakTepUCTUKOW  pe3ysbTara
B3aUMOJICHCTBHSL puda co cTebIeM ecTh
paccTosHuE MEXIy TOYKAMH KOHTaKTa, TO €CTh

Toukoii A — BepumHOW puda u Toukon K —

creayromero  puda  (puc.  a).

OmpenenmuM 310 paccrostane |, (puc.  6),

KOTOpO€ TPEJCTaBIseT COOOH IMHY 4YacTH

BEPIIMHON

OKpPYXHOCTH  paxuycom I, OrpaHMuYCHHas
YIJIOM « U paBHA.
r,
)= R g (6)
180
Ecnu npussite, uro h, =1 +hp, rae , —

paauyc h,

Bupaxenue (6) oyner:

KaTKa, BeICOTa puda, TO
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[IpuHAB TOYKYy A MIHOBEHHBIM ICHTPOM
BpALICHHSI, HalIeM CKOPOCTb JBHIKEHHUS [ICHTPA
xarka O, kak V|, =@, t1e @ - ywiosas
CKOpPOCTh ~ BpALlCHHs  KaTka. Ortpesok
0,0,=AA =1, un pasen V,t, e t — Bpems

NNCPEMCIICHHM A KaTKa.

Torna:
o
t= . 8
180w, ®)
BbIBO/IbI

1. AHanu3oM xapakTepa NepeMeleHUs MO
TPYHTY KaTka C puQaMy YCTaHOBJIEHO, YTO BO
BpeMs IBUXKEHHUS JTF0O0T0 KaTKa, YToJl ¥ MEXIy

HalpaBJICHUEM BEKTOpa CKOPOCTH 0 KOHIIA
puda u BEPTUKAIBIO TEM MEHbINE, YeM OJnKe
KOHELl 3TOro puda IMepeMeIaeTcss BHH3 K
TOPU30HTAJH, a MPU ONyCKaHWH KOHIA puda Ha
3Ty TOPU30HTAb JJAaHHBIM Yrojl ¥ paBeH HYIIIO,
TO €cTb pu TMNpU €ro OMyCKAaHUHU
TOPU30HTAJIb PACIIONAraeTCsl BEPTUKAIBHO.

2. YcraHoBiieHa (GopMmyra AJsl OTpeIeIeHUs
BpPEMECHH TIEpEMEIICHHSI KaTKa 10 CTeOIro
KOHOIUIM B 3aBUCHMOCTU OT YIJIOBOW CKOPOCTH
€ro BpalcHUSI.
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RESEARCH OF ROLLING ROLLERS
WITH REEFS IN LONGITUDINAL-
VERTICAL PLANE AT STEMS
INTERACTION WITH HEMP

Summary. The paper deals with the movement
in the longttudinal vertical plane of the rink with
the reefs over the ball stem in the preparation of



NCCIIEAOBAHME KAYEHUMA KATKA C PUDAMU
B ITPOJOJIBHO-BEPTUKAJIBHOM TJIOCKOCTH TP B3AUMO JIEMCTBUN
C CTEBJIXIMU KOHOILUIN

hemp trusts and determined the angle between
the direction of the welocity vector and the
vertical end of the reef, as well as travel time on
the rink stalk of hemp, depending on the angular
velocity of its rotation.

The aim is to obtain analytical relationships that
determine the value of the angle between the
direction of the velocity vector and the vertical
end of the reef, as well as travel time on the rink
stalk of hemp, depending on the angular
velocity of its rotation. It is noted that the value
of this angle is smaller, the closer the end of the
reef is moved down to the horizontal, and when
the position of the angle is equal to zero.

The analytical dependencies can be used to
create units for the preparation of hemp trusts in
autumn and spring.

Key words: ice rink, reefs, hemp stalk, cooking
Trust hemp technology.

95



MOTROL. Commission of Motorization and Energetics in Agriculture —2016. Vol. 18. No 3. 96-100

HNCCIEJOBAHUE KPUBOLIUITHO-ITATYHHOI'O ITPUBOJA
PEXYIIEI'O AIIITIAPATA KATKHU

Bukmop Ileiiuenxo, Buxmop Heoosecos, Anveuan Kyzomuu, Anexcandp I'puyaxa,
Muxaun Illesuyk

Hayuonanvuwiii nayunvii yenmp
«MHcmumym mexanuzayuu u 21eKmpuduKayuu cebeKoeo X 03aUcmaeay
Va. Boxzanvuas, 11, nem. I nesaxa-1, Bacunvkosckuii paiion, Kuesckas oonacmo, Ykpauna.
E-mail: vsheychenko@mail.ru

Viktor Sheychenko, Viktor Nedovesov, Alvian Kuzmych, Aleksandr Gricaka, Michael Shevchuk

National Scientific Center " Institute of Mechanization and Electrification of Agriculture™
Str. Vokzalna, 11, Glevaha 1, Vasylkiv district, Kyiv region, Ukraine.
E-mail: vsheychenko@mail.ru

AnHotamms. IlpemioxeH HOBBIH crocod
MCCIIEIOBAHUsl JE€3aKCUAIbHOTO KpPUBOIMITHO-
MIATYHHOTO TMPHUBOJA PEXYIIETo ammapara Ha
OCHOBE CpPaBHEHHS CKOPOCTEH JIBUIKEHUS JKATKU
U TOYKH IIEPECEUEHUS PEXYIIMX KPOMOK CeT-
MEHTa U MPOTHUBOPEXKYIIEH MIACTUHBI.

Pa3zpaboTan W M3roTOBJIEH ABOMPOOEKHBIN
(140 MM) HOX, SKCIEPUMEHTAIBHO MPOBEPEHO
1eaecoo0pa3HOCTh €ro MPUMEHEHUs, TEOPETH-
YeCKH IPOAHAIM3UPOBAHBI  3aKOHOMEPHOCTH
M3MEHEHHS NIepeMENICHUs, CKOPOCTU U YCKOpe-
HUSI TOYKU TEPECceUYeHUs] CETMEHTa U MPOTUBO-
PEXYIIEH TIIACTUHBI, a TAKKE MEPEMEIICHUS U
CKOPOCTH HO’Ka PEXKYILETO amnmapara.

B pesynbrare mpoBeAeHHBIX HCCIEIOBAHUN
pa3paboTaH HOBBIH METOJ OIpeesieHUs YacTo-
Thl BpalleHUs Bajla KPUBOIIMIIHO-IIATYHHOTO
MPUBOJIA HOXKA PEXKYIIETO arnmapara KaTKu Mpu
3aJJaHHOM CKOpOCTH V) IBMKECHHS KOMOaliHa.

YcraHoBiieHa 11e71eco00pa3HOCTh MPUMEHe-
HUSI DKCIIEPUMEHTAIBHOTO PEXKYIIETO ammnapara,
KOTOpBIM oOecrieunBaeT MoBbIIEHHE Ha 37%
CTaOMJIBHOCTH BBICOTHI Cpe3aHHUs CTeOel U co-
OTBETCTBYyIOLIEE yMeHbllleHne Ha 40% 3Haue-
HUSI CUITBI HHEPIIHH.

VYBenuueHne XoJa HOKa PexyIIero anmapa-
Ta oT 76,2-88 MM g0 140 MM obecrieunBaer mo-
BeimeHne B 1,25-1,50 paza pabodeit ckopocTu
JIBUKEHUS KoMOaliHa.

KuioueBble cj10Ba: jxaTka, pexXyIlImMi anma-
paT, HOX pEeXYILero amrapara, TOYka Iepece-
YeHHUsl CErMEHTa U MPOTHUBOPEXKYILIEH IIacTH-
HEI.
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[NOCTAHOBKA ITPOBJIEMbI

Pexynmit anmapat skatkum paboTaeT o
NPUHIUITY HOXKHHI[. DTOT MPUHLIUI UCHOJIB3Y-
10T 6osee 100 net, HO TOCTOMHOW 3aMEHBI EMY
eme He HaiineHo. Teopust Takoro pexyuiero
ammapara J0ocTaTo4yHo paspaborana [1-6]. Oc-
HOBHBIE DJIEMEHTHI €T0 CTaHIapTH3UPOBAHHBIC
(masjblLibl, CETMEHTHI, HOXKEBAs 110JIOCA, XOJ HO-
&Ka, TPOTUBOPEXKYIIAS IJIACTUHBI).

OpHako @u3nueckas CyHHOCTb CKOPOCTH
cpezaHusi crebiei, Ha Haml B3DIAA, TpeOyer
YTOYHEHHUSL.

CKOpOoCTh ABMKECHHUSI HOXKA PACCMATPHBACT-
Csl KaK CKOpPOCTh pe3aHusl cTeOel.

OTa CKOpPOCTh HpeAcTaBisiercss (QyHKUuen
CKopocTu JABUXkeHus Hoxka co 100% xoppens-
LIHOHHOM 3aBHCUMOCTHIO (K03(hpuIIeHT Koppe-
JISIAY PaBEH €UHUILE).

Takolt moaxon TpeOyeT YTOYHEHHS, TOTOMY
YTO SBJISETCS TEOPETUYECKON OCHOBOM ompese-
JeHUSI peXHMa paldOThl PEXYINEro armaparta,
paloTaroiero Mo NPUHLKITY HOXKHHUII.

HccnenoBanust 0a3upyloTcss Ha THIIOTE3€
YIPOILIEHHOTO TEOPETHYECKOro 00OCHOBaHUS
HEoOXOAMMOIM 4acToThl KojeOaHMIl HOXa pe-
XKYILETo ammapara i 3aJaHHOM IpenenbHOM
(HanOounblleil) CKOPOCTU ABUKEHUS KOMOaiiHa.

ba3zoBast uzaes TeopeTnueckoro 00OOCHOBa-
HUS YacTOThl KoJIeOAaHUM HOXKa 3aKII0YaeTCs B
TOM, 4TO CKOPOCTbH IBHKCHHSI TOUKU TIepecede-
HUS KPOMKHM CEIMEHTa U KPOMKU NpPOTHBOpE-
XKYIIETO DJIEMEHTA JIOJDKHA OBITh OOJIbINE WIIH
PaBHOM CKOPOCTHU JBUKEHUSI KOMOaliHa.
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NCCIIEAOBAHUE KPUBOIIIMIIHO-IMIATYHHOI'O ITPMBOJIA

PEXVIIEI'O AINTIAPATA XATKU

AHAJIV3 TIOCJIEJIHUAX UCCJIEJOBAHMIA
1 TTYBJIUK AL

B coBpeMeHHBIX YCIOBUSIX HE MpeKpalp@eT-
csl M300peTaTeNbeKas ACATeIbHOCTh 10 BOIIPO-
CcaM COBEpIICHCTBOBAHUS PEXYIMX armaparos.
CyIecTBEHHO pa3BUTHl OCHOBBI HAy4yHOU TEO-
pUH pEXYIMX aniaparoB, OCHOBAHHBIE aKaJe-
mukom B.II. Tapsukuubim [1]. Oanako, ompe-
JIeTICHUE peXrUMa paboThl PEXKYIMX aNapaToB
KATOK M KOCHJIOK B COOTBETCTBHH CO CKOpO-
CTBIO UX pabouero ABUKEHUS, BCE €Ie OCy-
IIECTBIISIETCS Onarojapsi MeTogaM mojadopa (To
ecTb IyTeM Ipo0 M oummOOK) YacTOThl Bpallle-
HUS KPUBOLIMIA WJIM BEAYLIMX JIEMEHTOB JIpY-
TUX CHUCTEM IMPHBOJA HOXKa MEXaHH3Ma Koieba-
tenpHOM maioer - MKIIL, nmanerapHoro mexa-
Hu3Mma (Llymaxepa u ap.).

CyleCTBEHHO pacumpeHa KiacCu(UKaIus
PEXYHIMX anmnapaTtoB, OCOOEHHO MPUBOAOB UX
Hoka. s ammapatoB HOPMaJIBHOTO Cpe3a
YCTOMYUBOW TEHACHIMEN SIBJISCTCS YBEIUYCHUS
xoma Hoxa oT 76,2 mm o 83 wmm (Allis-
Chalmers), 80 MM (Deutz-Fahr), 88 mm (/oH-
1500), 90 mm (Fortschritt) u apyrue. 9To obec-
MEYNBAET PEXKUMBI 0OMOJIOTAa XIeOHOW MaccChl
KOMOaliHOM Ha ckopocTsx a0 8,0 km/4. Otme-
THUM, 9TO CKOPOCTH PabOYyero JIBUKECHHS JKATKH
(koM0aifHa) HEIOCTaTOYHO JJII HOPMAaJbHOMN
3arpy3Kd BBICOKOIIPOU3BOIUTENBHBIX JAPOOHIIOK
COBPEMEHHBIX 3epHOYOOPOYHBIX KOMOAWHOB Ha
obmosoTe X11e00B ¢ ypoxasmu B mpeaenax 35 -
45 1/ra ¥ BBIIIE.

VIMEeHHO TOATOMY aKTYaJbHBIM SBJISCTCS
CO3/IaHHE€ PEXYIIEro arrmapaTa, KOTOphIii obec-
neynsi Obl OOMOJIOT 3E€pPHOBBIX Ha CKOPOCTSIX
Oonmu3kux U Beime 10 xkm/4. [{ns aToro mbl  Hc-
NOJIb30BaNIM JIBONPOOSKHBI Xox Hoxa (140
MM) C KPHBOIIMIIOM-IIATYHHBIM MPHBOJIOM, KO-
TOPBIN MPUMEHSETCS Y PEXKYIIEM armnapare Baj-
xoBoii xkatku JKPC-4,9A, a taroke panee paspa-
6otannbix HHI] «IMECX» npunenHsix >kaTok
KBO-5 u XBO-6. CpaBHUTENBHO IJIUHHBIC
matyH (400 mm) u kpuBoumn (70 mm) obecre-
YUBAIOT HOPMAJIbHBIC YCIIOBUS pabOTHI JEeTUTe-
a5 crebreil JkaTku KoMmOaiiHa B mpeneiax ero
nMpuHbl. Hamu npeanoxkeHo yMeHbUMTh JUTH-
Hy IIATyHa A0 TPEAETbHO BO3MOXXHOTO MHHU-
myma 180-185 mm. bnaromaps pasmerieHUO
IATKA HOXKa Ha HIAPUKONOALMIHUKA (puc. 1),
JOCTHIJIA CYIIECTBEHHOTO YMEHBIICHHS CHUJIBI
TpPEHUS.
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Puc. 1. Pexynmii anmapar >xaTku kKoMOaiiHa
C BO3BPAaTHO-TIOCTYNATEIbHBIM IPUBOJOM HOXKa

Fig. 1. Cutting combine header with a
reciprocating knife drive

I[TOCTAHOBKA 3AZ1IAUU

[lenbto paboOTHI SIBJISIETCS MOBBIMICHUE A (-
(eKTUBHOCTU pabOThl JE€3aKCUATIBHOTO KPUBO-
IMIHO-IIATYHHOTO TMPHUBOJA PEXKYIIETo ara-
para kaTku Ojaromapsi CO3IAaHUIO YIPOIIECHHO-
T'O TEOPETUYECKOTO 0OOCHOBAHMS HEOOXOANMOM
4acTOThl KOJIeOaHUM HOXKa PEeXyIIero ammapara
IIpU 3aJJaHHOM IpeAeabHON (HanOobllel) CKo-
pOCTH ABUKEHHS KoMOaliHa.

N3JIOKEHWUE OCHOBHOI'O MATEPUAJIA

[lpu uccnemoBaHuM JBOMPOOESIKHOTO PEXKY-
IET0 anmapara M JIe3aKCHaJIbHOTO KPHBOIIMTI-
HO-IATYyHHOTO TpPHBOJA ero Hoxka (puc. 2)
MPEATIOKEH HOBBIM MOIXO0] K OMPEeICHUIO He-
00X0AMMOM 4acTOTHI KOJIeOaHUI HOXa.

}/

<

B

Puc. 2. Cxema ne3akCHaNbHOTO KPUBOIIMII-
HO-IIATYHHOT'O IIPUBOJA HOXKa PEXYILETO aIa-
para XaTKd

Fig. 2. Offset crank knife drive scheme of
header cutterbar

DTOT c10c0O OCHOBAH HAa aHAIN3E OTHOIIE-
HUS 33JaHHOM MaKCUMAJIbHOW CKOPOCTH JABH-
KEHUSl KATKH U CKOPOCTH (IO HAaIpaBIECHUIO



BUKTOP IIEMYEHKO, BUKTOP HEJIOBECOB, AJIbBUAH KY3bMMY,
AJIEKCAH/IP I'PULTIAKA, MUXAWJT HIEBUYYK

X0/la KAaTKW) TOYKU TIePECeUCHUs PEKYIIeH
KPOMKH CErMEHTa U MPOTHUBOPEKYIICH MIaCcTH-
HBI (BKIaapIma) (puc. 3).

1

2
Puc. 3. Cxema B3auMOIEHCTBUS CErMEHTA

HOXa " HpOTHBOpC)K}’IJ.IGfI IJIaCTUHBI PCKYLICTO
ammapara xaTku: 1 — cerMeHT, 2 — mpoTHUBOpE-
Kymasi 1iactuHa, Vi — CKOPOCTh JABUIKCHUS
JKaTKu

Fig. 3. Scheme of interaction of the knife
and the shearbar oa header cutterbar: 1 — seg-
ment, 2 — shearbar, Vy — speed header

ITyte, CKOpOCTH W YCKOPEHHE IBHKEHHUS
(xp) Hoxka u (h) 3amaHHON TOYKM OMpENCISTH
COOTBETCTBYIOIIMMH 3aBHCHMOCTSIMH H CXEMa-
mu (puc. 2, puc. 3):

xp, =I2=(c+r-cosa)® —r-sina, (1)
o= -t:”s—'on-t, 2
I—r
Xg, =, 3)
(I-r)* —c?
. _(1+r): I(I_—rr) - @)
h:#(wllz—(c+r-cosa)2—r-sina), 5)
9o +1gy
X
- & (6)
gy +1gy
o X @)
gy +19y
r-w-sin(w-t)-(c+r-cos(w-t))
V, =V, =
JIZ = (c+r-cos(w-t))? @)

—r-w-cos(w-t),

98

' cos(e-t)-(1* = (c+r-cos(e-1))?
V, =m0 (@-1)-(1" = ( (w3 )7)
(I —(c+r~cos(w~t))2)A
_rsin® (@) (c+r-cos(w-t))
3
(1> =(c+ r~cos(w't))2)é
wz((cosz(a»t)—sinz(co~t))~(l2—(c+r-cos(a)-t))2)
3
(I° —(c+r'cos(a)~t))2)é
r-sin?(w-t)-cos(w-t)-(c+r-cos(w-t)) |
3
(12 - (c+r-cos(o-1))?) 2

+r-0° -sin(o-t),
rae: xz, N — COOTBETCTBEHHO - XOJ HOXa U TOY-
ki O TmepeceueHus PeXYIMX KPOMOK CETMEHTA
M TPOTHBOPEXKYIICH TIacTHHBI, M, | — mmuHHA
maTtyHa, M, ¢ — Je3aKCHaJl MeXaHu3Ma, M, I —
paguyc KpUBOIIMIIA, M, ¢ — YTOJI TIOBOPOTa KPH-
BOIIMIIA, paj, @ — 4YacTOTa BPAIICHHUS KPHBO-
nmIa MpuBOja HOXa, pau/c, t — Bpems, ¢, ¢ —
yroji (mapaMeTp CerMeHTa, CTaHIapTU3MPOBaH-
ubiil), 28,5°, y — yron (mapamerp IpoTHBOpe-
XKYIICH TTaCTHHBI), 8,25°.

Xip = Xg — X, +d

©)

2 .

+r

(10)
rae: d — cMelleHe 0CH CerMeHTa OTHOCUTEIIBHO
OCH IIPOTUBOPEKYILEH IIJIACTUHBI, M:

x5 =+/I> = (C+r-cosa)?® —r-sina—
I2—(c+r)*+d

B KOHCTpPYKIIMHU 3KCIIEPUMEHTAIBHOTO 00-
pasla pexXylero amnmnapata HaMmH IPUHSTO:
r=70mm, ¢ =30mMm, | =185 mm, w = IIn / 30,
n =320 ¢, uro oGecreunBact YCJIOBUSI IPUEM-
JIEMOTO Cpe3aHus cTeOJei Ha CKOPOCTH JIBUIKE-
HUs KaTku (komOaiina) mo 10 xkm/g (2,78 mlc).
[lpn Takux ycloOBHSX, cpenHeapu(dMETHIECKOe
3HaYCHHE CKOPOCTU pe3aHus cTediei (CKopocTh
JBUXKEHUSI TOukd B, puc. 3) mpu IBUKEHHUH
BIIpaBo paBHO 4,37 M/c, a ipu 0OpaTHOM XoJie
(IBHMIKEHHE BJICBO) — COOTBETCTBEHHO 3,91 m/c.
D10 moyTH BABOE OOJbIIE CpeaHeapudmernyde-
CKOTO 3HAUEHUsI CKOPOCTH JIBHIKEHUS HOXKa OT-
HOCHUTEJIBHO TMaJIbIIEB PEXYIIETO ariapara.

Xapakrep u3MeHeHus 3HadeHuit Vg u V'p
npuBeAeHbl Ha puc. 4, puc. 5. Pacuersl n no-
CTPOCHHBIE TpaduyecKiue 3aBUCUMOCTH, CBH/IC-
TEJILCTBYIOT O BO3MOXKHOCTU palbOThI )KaTKH Ha
ckopoctsax A0 10—12 km/u. briaromaps yBenuye-
HUIO CKOPOCTHU pe3aHusi 00ECIICUNBAIOTCS YCIIO-
BUsI YOOPKH 3aCOPEHHBIX, BJIQYKHBIX U MOJIETIIBIX
x71€00B.

Otmerum Oosiee cTaOMIIbHBIE TOKa3aTeNIN
YPOBHSI MOJZIEP>KaHUS BBICOTBHI Cpe3aHus cTeO-

(11)
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Jed DKCIEPUMEHTAIbHOM JKATKOM II0 CpaBHE-
HHUIO C aHAJIOIOM.

Vv, m/c

& N N o -~ N w s @

324 164.7 326:947 8

Puc. 4. Ckopoctu pe3aHusi HOXa ABOIPO-
0eXHOTO PEXYIIETO amnmnapara npu
n =425 o6/mMuH u S = 140 mm

Fig. 4. Knife cutting speed of double stroke
cutterbar when n=425r/min and S = 140 mm
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Puc. 5. Cxopoctu pe3aHus HoXka OJHOIIPO-
OeXHOT0 PEXYILIETO anmapara npu
n =550 06/mMuH u S = 88 MM
Fig. 5. Knife cutting speed of single stroke
cutterbar when n =550 r/min and S =88 mm

[lpu yBenuYeHUHM CKOPOCTU JIBYMIKCHHS JKC-
nepuMeHTaIbHOU kaTku ot 0,77 m/c (2,77 xm/4a)
1o 1,64 m/c (5,9 xm/4) BbIcOoTa pezaHus cTebnei
npakTuyecku He uaMeHsuiack (105-117 mm). V
CEpUIHOM >KaTKM OTMEUEHHBIM IMOKa3aTeNlb U3-
MeHnmwics ot 110 mm (2,77 xm/4) mo 146 mm
(4,74 xm/a), To ectb Ha 32,7%. Koadpunuent
BapHaIliyi BBICOTHI Pe3aHUs cTeONe cepuitHOM
U DKCIIEPUMEHTAIbHOU KATKaMH ObUT MOYTH
omuHakoB (5,8-6,0%). OTMeTHM yMCHbBIIICHUE
Ha 40,0% cuipl HHEPLMU HOXkA Y SKCIIEPUMEH-
TanbHOU KaTKu. CTOMMOCTH IKCIIEPUMEHTAIb-
HOTO KPWUBOIIMITHO-IIIATYHHOTO IMPUBOJA HOXa
peXyIIero  ammapara — Takke — CHU3MIACH
B 3,54 pa3a 110 CpaBHEHMIO CO CTOMMOCTBIO
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COOTBETCTBYIOLIETO INPHUBOJA  IUIAHETAPHOTO
tuna (Llymaxepa) miam mexaHu3ma ¢ Koieba-
TEJIbHOM 11aii60ii.

BBIBO/IbI

1. B pe3ynbTaTe mpoBEIEHHBIX HCCIEAOBa-
HUM pa3paboTaH HOBBII METOJl OIpPENEIECHUS
4acTOThl  BpallleHUs  Bajla  KPUBOIIMITHO-
MATYHHOTO MPHUBOJIA HOXKA PEXKYINETo armapara
JKATKH TIPU 33JJaHHON CKOpocTH V) JABUKCHUS
KoMOaifHa.

2. YCTaHOBJICHA II€JIeCO00pa3HOCTh MpPHMeE-
HEHUS DKCIIEPUMEHTAIBHOTO PEXYIIETO aria-
para, KOTOpBI oOecreunBaeT MOBBIIICHUE Ha
37% cTaObuIBbHOCTH BBICOTHI Cpe3aHHs cTeOei
U COOTBETCTBYIOIEEe yMeHbIeHue Ha 40% 3Ha-
YEHUS CHIIBI UHEPIIUU.

3. YBenuueHue xo/1a HOXKa PEXYIIEro arra-
pata ot 76,2—88 mm g0 140 mm obGecrnieunBaer
noBbiieHue B 1,25-1,50 pasza paboueli ckopo-
CTH JIBMKEHHS KOMOaiHa.
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RESEARCH CRANK KNIFE DRIVE OF
COMBINE HEADER

Summary. A new method of research offset
crank drive of the cutting machine by compar-
ing velocities of the header and the intersection
points of the cutting edges of the segment and
the counter-plate. Designed and manufactured
double stroke cutterbar (140 mm), experimen-
tally verified the feasibility of its application,
theoretically analyzed the patterns of change in
displacement, velocity and acceleration of the
point of intersection of the segment and the
counter-plate, as well as movement and speed of
the knife cutting system.

The result of the research developed a new
method of determining the speed of the shaft of
the crank knife drive cutting apparatus of the
harvester at a preset speed VM movement of the
harvester.

The expediency of application of the exper-
imental cutting apparatus which provides an in-
crease of 37% stability of the height of the cut-
ting stems and the corresponding decrease of
40% of the value of the inertial forces. The in-
crease of the knife cutting apparatus 76.2-88 to
140 mm provides increased 1.25-1.50 times the
working speed of the combine.

Key words: header, cutting machine, knife
cutting system, the intersection point of the
segment and the counter-plate.
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AnHoTanms. Vcnonb3oBaH pa3paboTaHHBIN
METOJI KOHCTPYUPOBAaHUsI HENPEPBIBHBIX KapKa-
COB MHUHHMAJIBHBIX ITOBEPXHOCTEH C ITOMOUIBIO
M30TPONHBIX KPUBBIX, JIEXKAIMX HA MOBEPXHO-
CTSX BpAUICHUS, OTHECEHHBIX K H30METpUYE-
CKOW CeTH KOOPAMHATHBIX JINHUM.

Bei0op noBepxHocreit BpaiueHHUs 00yCIOB-
JEH YOPOUICHWEM AHAJUTUYECKHX YCIOBHUM
peoOpa3oBaHUsl UX OPTOIOHAIBHOM CETH KO-
OpJIMHATHBIX JTUHUI K U30METPUUECKOM, OECKO-
HEYHO Majas s4elka KOTOpPOH (3JIEMEHT CETH)
ABysieTcst kBajgparoM. Ilapamerpuueckue ypas-
HEHUSI CEMENUCTB M30TPOIMHBIX KPUBBIX MOJIyde-
Hbl U3 YCJIOBHUS PaBEHCTBA HYIIO JIMHEHHOIO
3JIEMEHTA ITOBEPXHOCTH BPAILEHHUS, OTHECEHHOU
K U30METPUYECKOU CETH.

B pabore wuccienoBaHO —aHAIMTUYECKOE
OIMCAaHUE TOpa, OTHECEHHOIO K H30MEeTpHuyYe-
CKOM CeTH KOOPAMHATHBIX JIUHUI. PaccMoTpeHbI
YacTHBIE CIIydadl AJIsl OTKPBITOTO TOpa (KOJIbLA)
U 3aKpbITOro Topa. Mcnons3ys ypaBHEHUsS HU30-
TPOIIHBIX KPUBBIX, JIEKAUMX HA IOBEPXHOCTH
TOpa, COCTaBJEHBbl MapaMETPUUECKUE YpaBHE-
HHUSI MUHAMAJIbHBIX IOBEPXHOCTEN M IPUCOEIU-
HEHHBIX MMHUMAaJBHBIX NOBepxHocTed. Ormpe-
JlelieHa BeJIMYMHA CPeIHEeW KpUBU3HBI 00pazo-
BAHHBIX MUHUMAJIbHBIX ITOBEPXHOCTEH.

Hcnonb3ys pa3paOOTaHHBIM MeTOJ] KOH-
CTPYHPOBAHUSI HENPEPHIBHBIX KapKacoOB MHUHMU-
MaJIbHBIX ITOBEPXHOCTEN, TOKA3aHO, YTO Ha IIO0-
BEPXHOCTH TOpa, B KAXKIOM U3 TPEX YaCTHBIX
CIy4aeB OTHECEHUs K H30METPUYECKON CETH
KOOPIMHATHBIX JINHUH, MOXHO OTBICKATh aHa-
JIMTUYECKOE ONMHUCAHUE YETBIPEX CEMEUCTB U30-
TPONHBIX JMHUAMN. Kaxk10M M30TPONHOW JTMHHUU
COOTBETCTBYET MHHHMAaJIbHAs IMOBEPXHOCTb H
npucoeinHEHHAA K Heil. OOpa3oBaHHbIE MUHU-
MaJIlbHbI€ TIOBEPXHOCTH U TPUCOEAUHEHHbIE

MUHHMMAaJIbHbIE TIOBEPXHOCTH MMEIOT O0Ime
METPUYECKHE CBOMCTBA U OOIIME CBOWMCTBA KPHU-
BHU3HBI [IOBEPXHOCTH.

Hccnenyemblii MeToA HENpepbIBHOIO TIeo-
METPUUYECKOTO MOJICIMPOBAHUS UMEET OO0Ilen3-
BECTHBIE  MPEHMYIIECTBA,  OOYCIOBIICHHBIC
OTpENeNICHUEM TapaMEeTPUUYECKUX YypaBHEHUM
MUHHUMAIBHBIX TIOBEPXHOCTEH B BHUJAE SJIEMEH-
TapHBIX (PyHKIHA.

DTO aHATUTUYECKOE ONHCAHUE MHUHUMAalb-
HBIX ITOBEPXHOCTEH IO3BOJISIET YYUTBHIBATh UX
mddepeHInaTbHbIe  XapaKTepUCTUKU, HCCIIe-
JIOBaTh pa3IU4YHbIE T€OMETPUYECKUE CBOMCTBA
MOBEPXHOCTEH, YTOYHATH U ONTHUMHU3HPOBATH
CYILECTBYIOIIME WH)KEHEPHbIE METOJbl MPOEK-
TUPOBAHUS MOBEPXHOCTEH TEXHUUECKUX GOPM U
ApPXUTEKTYPHBIX KOHCTPYKIUH.

KiroueBbie c¢jioBa: TOp, JUHEHHBIN 3Jie-
MEHT TMOBEPXHOCTHU, H3OTPOMHAs KpHUBas, MHU-
HUMaJIbHasl IOBEPXHOCTb, CpPEAHSsI KpUBU3HA
MTOBEPXHOCTH.

[NOCTAHOBKA ITPOBJIEMbI

Pacumpenne reoMeTpuyeckux CrnocoOoB
KOHCTPYHUPOBAHUS MOBEPXHOCTEH TEXHUYECKUX
($opM U apXUTEKTYPHBIX KOHCTPYKIUN SBISETCS
BaXHOW NpoOIeMoil MojenupoBaHHUsS Helpe-
PBIBHOIO Kapkaca 3THX moBepxHocTeil. Iloaro-
My OCOOCHHYIO aKTyaJIbHOCTh OOpETaloT CIoco-
Obl KOHCTPYMPOBAHMS KPUBBIX U MMOBEPXHOCTEH
10 33/IaHHBIM CBOMcTBaM [1 — 4], uccienoBanus
TPAEeKTOPUMU JBUKEHUSI MaTE€PUATBHBIX TOUYEK
10 MTOBEPXHOCTSAM TEXHHUYECKUX GopM [5].

[lepBble ucciaenoBaHNsI MUHUMANbHBIX 110-
BepXHOCTel u3BecTHbl M3 pador XK. Jlarpanxka
(J. Lagrange), KOTOpBI paccMaTpuBall 3amady
[6]: «HaiiTu mOBEpXHOCTh HAMMEHBIICH IJI0-
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A, HATAHYTYI0O Ha 3aJaHHBIA  KOHTYp»
(1786 r.). 3amaBasi TMOBEPXHOCTb B BHJE
z=12(x;y), K Jlarpanx caenanx BBIBOJ —
Gynkuus z=1z(X;y) [dODKHA YIOBJIETBOPATH
ypaBHeHHUI0 Dilnepa-Jlarpanxa [6]:

0%z 0’z 0°z
1+09% )—-2 1 2—:O, 1
(+q )8x2 pq8x8y+( P )8y2 ()
rre: p_az_q_az
' ox' ooy

I'. Monx (G. Monge) B 1776 roxy oOHapy-
KHJI, YTO YCIOBME€ MHHUMAJIbHOCTU IUIOLIAAN
MPUBOJUT K YCIIOBUIO PABEHCTBA HYIIO CPEAHEN
KPUBHU3HBI IOBEPXHOCTH.

[Ipobnema aHANMUTUYECKOTO OMHMCAHHUS MH-
HUMAJIBHBIX ITOBEPXHOCTEW, KOTOpbIE IIpHMe-
HAIOTCA TpPU IPOEKTUPOBAHUHU IMOBEPXHOCTEN
TEXHUYECKUX (OPM H apXUTEKTYpHBIX KOH-
CTPYKIHI, CTUMYIIUPYET pa3BUTHE MHOTHX 00-
JacTed MaTeMAaTUKU: TEOPUH Mepbl, (QYHKIIHO-
HAJIBHOTO aHaji3a, TOIOJIOTUH, TEOPHH (yHK-
UM KOMIUJIEKCHOTO TEPEMEHHOI0, TEOpUHU
YpaBHEHUM C YaCTHBIMHU MPOU3BOJHBIMU. AHa-
JIM3 HAy4HBIX paboT MO pEeIIeHUI0 JaHHOH Mpo-
OnemMbl TOKa3ajl, YTO CYLIECTBYET TPH HalpaB-
JIEHUS UCCIIENOBAHNN.

IlepBoe HanpaBJIeHUE UCCIIEI0OBAHUM peanu-
3yeT CO3JaHu€ HOBBIX MOIIHBIX METOJIOB B Ba-
PHAIMOHHOM HCYUCICHUU, TTO3BOJIUBIIMX JI0Ka-
3aTh PEryIsiPHOCTh MHUHUMAIBHBIX IOBEPXHO-
CTell B MHOTOMEPHBIX ciydasx [6].

Bropoe nampaBieHue uccieoBaHUM CBsi3a-
HO C IPaKTMYECKUMU 3aJjauaMu KOHCTPYHPOBa-
HUSI TOBEPXHOCTEHW AapXUTEKTYPHBIX 000JI0UEK
[7-11]. B vactHOoCcTH, B pabote [12] mis mare-
MaTHU4ECKOIO ONMCaHUsl MUHUMAJIbHON IOBEpX-
HOCTH MCIIOJIb30BAJICS TOYEUYHBIM Kapkac 3TOM
MOBEPXHOCTU C OHNOPHBIM KOHTYpPOM B Gopme
poMbOa uiu mapauienorpamma. B pabore [13]
HCCIIEIOBAJIOCH TOCTPOEHUE MUHUMAJIBHOM TO-
BEPXHOCTH, NPOXOJALIECH Yepe3 3apaHee 3aJaH-
Hyl0 KpuBylo. Ho aHanmuTHueckoe omnucaHue
MOJIyYEHHOM MOBEPXHOCTU, OJIM3KOM K MHUHHU-
MaJIbHOM, YIAJOCh NPEACTaBUTh TOJBKO C IO-
MOIIBI0 AIUTHNTHYeCKUX (QyHKIn. PaspaboTka
3(eKTUBHBIX METOAOB MPUOTUKEHHOTO pellie-
HUS YPaBHEHUN MUHHUMAIbHOM I1OBEPXHOCTH,
MPOU3BOAHBIX OT ypaBHeHUs (1), a Tarkke marte-
MaTH4Yeckoe OOOCHOBAHHME MOIY4EHHBIX METO-
JIOB B IUIAHE YCTOWUYMUBOCTU U CXOJMMOCTH IIPH-

ONMMIKEHHBIX PEIICHUH pean30BaHO B paboTax
[14-16].

TpeTbe HampaBJ€HUE WCCIECIOBAaHUM CBS3a-
HO C pPa3pabOTKOW TeOMETPUYECKUX METOJIOB
KOHCTPYHUPOBAHUSI HEMPEPHIBHOTO KapkKaca MH-
HUMAaJIbHOU IMOBEPXHOCTH,  JIONYCKAaroIlee
HaXOXJCHUE €€ MmapaMeTpUYeCcKuX YypaBHEHUH C
TTOMOIIBIO JIEMEHTAPHBIX (QyHKIUH. JTO aHa-
JUTHAYECKOE ONHMCAaHWE MHUHUMAJIbHBIX [OBEPX-
HOCTEH TMO3BOJISET HCIOJIB30BaTh uX 1udde-
peHIIMATbHBIE XapaKTePUCTUKH TPU KOHCTPYH-
POBAaHUU TOBEPXHOCTEH TEXHUYECKUX (POpM U
apXUTEKTYpHBIX KOHCTpykuui [17-20], uccie-
JIOBATh PA3IMYHbIE CBONCTBA MOBEPXHOCTEM.

AHAJIU3 TIOCJIEAHUX UCCJIELOBAHUI
1 ITYBJINK ALTAIA

AHanuTHYECKOE OINHMCAHME MHUHHUMAIBHBIX
MIOBEPXHOCTEN CBA3aHO C HAXOXACHHEM I1apa-
METPUYECKUX YPaBHEHUI MHMMBIX U30TPOIHBIX
KPUBBIX HYJIEBOUN AnuHBI [21].

B pa6otax [17, 18] pa3paboTanbl criocoObl
HaX0KJIEHUs aHAIMTHUYECKOIO OIMCAaHUs H30-
TPOIHBIX KpUBBIX 10 (opmynam IlIBapna u
Beiiepurpacca, HO OHU TOJIBKO B OTACIBHBIX
Cllydasix IO3BOJISIIOT HaWTHU I1apaMETPUUYECKUE
YpaBHEHHUsI 3TUX MHHUMBIX KpuUBBIX. B pabore
[19] paccmoTpeHo MoaenupoBaHHE MHUHUMAIb-
HBIX IIOBEPXHOCTEH C IOMOIIBIO H30TPOIHBIX
KpUBBIX be3be TpeThero mopsaxa.

Crnenyer OTMETHTb, YTO AHATUTUYECKOE
OIMCAaHWE H30TPOIHOM KPUBOM TOJBKO B OT-
JIENBHBIX CIIy4asiX IO3BOJSET BBIMOJHUTH BCE
HeoOXoAuMble MpeoOpa3oBaHus Ul HaXOXKIe-
HUS YPaBHEHUH MUHUMAJbHBIX IIOBEPXHOCTEN B
SBHOM BH/IE.

[losToMy HacTosimas paboTa MOCBSIICHA
peanu3anuy METOJa AHAIMTUYECKOTO OIIMCAHUS
M30TPOIHBIX KPUBBIX, JIEKAIMX HA MOBEPXHO-
CTSIX BpAICHMS, OTHECEHHBIX K HM30METpHYE-
CKOM CE€TH KOOPJAWHATHBIX JUHWH, JJIS PEILICHUS
po0sieMbl KOHCTPYHMPOBAHUS HEMPEPHIBHOIO
KapKaca MUHHMMAaJIbHBIX [IOBEPXHOCTEH.

ITOCTAHOBKA 3ATAYUN

Lenpro paboThI SBISETCS MOUCK AHATUTHY -
CKOTO OIHCaHUS MOBEPXHOCTU TOpPa, OTHECEH-
HOTO K M30METPUYECKOW CETH KOOPAMHATHBIX
JUHUN W W30TPOIMHBIX KPUBBIX, JIGKANMX Ha
MOBEPXHOCTU Topa. Vcmomnb3ys ykazaHHBIE U30-
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TPOIIHbIE KPHUBBIE, HEOOXOIUMO OThICKaTh Ia-
paMEeTpUYECKUE YPaBHEHUS MUHHMMAJbHBIX I10-
BEPXHOCTEU U NIPUCOCIUHEHHBIX K HUM.

N3JIOKEHME OCHOBHOT'O MATEPUAJIA

PaccmMoTpuM mNOBEpXHOCTH BpalleHUs, Ma-
paMeTpUYecKUue YpaBHEHHUS KOTOPOM HUMEIOT

T XE)=ple)-cosv,
V()= ple)-sinv, o
2(ev)=yle),

Trac: (D Q)( ) ( ) HapaMeTpI/I‘-ICCKI/IC

YPaBHEHHSI MEpHUJIMAHA IOBEPXHOCTU Bpalle-
HUSIL.

B paGote [22] npuBeneH aJropuT™ OThICKa-
HUsI NIapaMeTPUYECKUX YPAaBHEHUN MeEpHUANaHa
IIOBEPXHOCTH BPALLCHMUS, IIPU KOTOPOM IIOBEPX-
HOCTb OyJeT OTHECEHA K M30METPHUUECKOI ceTH
KOOpAMHATHBIX JuHUH. Ilepexoxm or oproro-
HAJIBHOM K M30METPUYECKOW CETHU KOOpAMHAT-
HBIX JJMHHUHN OCYIIECTBJISETCS C IOMOLIBIO BBE-
JICHHs] HOBOM IIepeMEHHON t, KoTopas CBs3aHa C

MEepeEMEHHOM 7 cieayronmm obpaszom [22]:
)2 1\2
t:I\/((p,) S 20 ST
®

PaccMOoTpuM 1NOBEPXHOCTH TOpa, KOTOPBIH
3alaH MapaMeTPUUECKUMU YPAaBHEHUSIMU :

X (z;v)=(R+rcosz)-cosv,
Y(z;v)=(R+rcosz)-sinv,
Z(r;v)=rsint,
rme: F— paguyc oOpasyromei OKPYKHOCTH
(MepuIraHa MOBEPXHOCTH ),
R — paauyc HampapjsOIIEH OKPYKHOCTH, IO
KOTOPO# JBHMIKETCS LIEHTP 0Opa3yroILeil OKPYK-
HOCTH,

4)

r€[0; 27), v e[0; 27).
3anuimeM yclaoBHE IHepexoja K H30METpU-

YECKOM CETH KOOPAWMHATHBIX JTUHUU.
[loncraBuM mapaMeTpuyecKue ypaBHEHUS

topa: ¢(t)=(R+ras 7), w(r)=rshnz 8 (3).
[Tocne ynpoliueHuid, HOJIy4uM 3aBUCUMOCTb:
= I; dz. (5)
R+rcosr
[lpu nanpHeiIleM HWHTETPUPOBAHUHM BO3-
MOXHBI Tpu ciydas: R=r,r<R, r>R (cny-
yail ;i1 R =0, xoraa ypaBHenus (4) onuckiBa-

0T cdepy, HE HYKIAeTCs B HCCICIOBAHUU).
PaccMOoTpuM KaXabli Crydai.
B cnyqae R=r, eciu HauMeHbIas napai-

JIeNlb 3aKPBITOTO TOPa BBIPOXKAAETCS B TOUKY, TO
ycioBue (5) mepexoia K M30METPUYECKON CEeTH
KOOPIAMHATHBIX IMHUW UMEET MPOCTON BHI:

T
t=tqg — |
g(zj ©

Beipazum u3 (6) r(t)z 2arctgt u noacraBum

B ypaBHeHus (4). Ilocne mpeoOpa3oBanuii 1mo-
Jy4UM TIapaMeTPUYECKUe ypaBHEHUS 3aKPHITO-

ro Topa (R = r), OTHECEHHOTO K M30METpHYe-
CKOM CeTH KOOPJIMHATHBIX JTUHUM!

X(t;v)=

Y(t;v)_1+t ()
2rt

Z(t;v):1+rt2.

Haitnem xoadduiments mepBoil kBamapa-
TUYHON (POpPMBI 3aKpPBITOTO TOpa, 3aJAHHOTO
nmapaMeTpudeckuMu ypaBHeHusiMu (7), 1O u3-
BeCTHBIM (opmynam auddepeHIInanbHOl Teo-
merpuu [21]:

(asz (avjz [azjz
E=— | +|— | +| — |,

ot ot ot
_OX OX oY oY 0Z0oZ
ot ov ot ov ot ov'

(asz [asz (asz

G=|—| +|—| +|=—1.

ov ov ov
Huddepenuupyst Boipaxenus (7), mocie

npeobpa3zoBaHuii, coriacHo (8), MOIydnuM:

4r?
—v F =0.
(1+t )2
Torna NTUHEWHBIA 3JIEMEHT 3aKPBITOTO TOpa
(7), OTHECEHHOTr0 K M30METPUUYECKOW CEeTH KO-
OpIMHATHBIX JIMHUM, UMEET BU/L:

4r?
ds? = - (dv? +dt?)
(1+t2)
PaznoxuB Ha MHOXHTENH BbIpakeHHe (9)
IIOJIy4UM:

ds®

@)

E=G=

©)

4r?

| — MHUMas CANHHUIIA.

(dv—i-dt)dv+i-dt),

rae:

103



KOHCTPYHUPOBAHWE MUHUMAJIBHBIX ITOBEPXHOCTEI C ITOMOIIBIO
N30TPOIIHbLIX KPUBBIX, JIEXAILMX HA IIOBEPXHOCTU TOPA

[lpupaBHUBasS K HYIIO MIPaByl YacTh TMO-
CIIEHEr0 PAaBEHCTBA, I10CIE WHTETPUPOBAHUS
MOJTYYUM:

V=i-t+C wmu v=—i-t+C,
rae: C — mpou3BosIbHAS MOCTOSHHASL.

Jluneitnblii 3meMeHT (9) 3akpbITOro TOpa
OmnpeaesnseT JUIMHY MPOU3BOJIBHON KPUBOW, Jie-
JKaie Ha ero moBepxHocTd. [losTomy mpu
MOJICTAHOBKE KaXJI0ro u3 BblpaxeHuit (10) B
nmapaMeTpudeckue ypaBHEHHUs Topa (7) moury-
YUM [apaMETPUYECKHE YPaBHEHHS JABYX ceMei
MHUMBIX H30TPOITHBIX KPUBBIX HYICBOU JJTUHBI.
B uacTHOCTH, NpU MOACTaHOBKE BBIPAKEHUS
v=i-t+C B ypaBHeHue (7) Il KaXIOr0 3Ha-
yeanss C moMyduM mapamMeTpuvecKre ypaBHe-
HUS MHHUMOH H30TPOIHON KPHBOM, KOTOpas
JISKUT Ha TOBEPXHOCTU TOPa (R = r):

(10)

2r .
x(t)—m-cos(l ‘t+C),

y(t)= 2r2 -sin(i-t+C), (11)

C uenpl0 HaXOXKIEHUSI YpaBHEHUN MHUHU-
MaJIBHOM M IPUCOCIMHEHHON K HE MUHUMAJ b-
HOW TIOBEPXHOCTH JJIs1 (DYHKITHH KOMITJIEKCHOTO
nepemenHoro (11) ucmonb3yeM HOBYIO Tepe-
MeHHYO [20]: t=u+i-V.

Torma mosydyuM napameTpUyYecKUe ypaBHE-

HUAS MHMHUMaJIbHOM moBepxHocTH X (U,V),
Y (u,v),Z(u,v) [21]:

X (u,v)=Re{x(u+i-v)},

Y (u,v)=Re{y(u+i-v)} (12)

Z(u,v)=Re{z(u+i-v)},

n HpHCOCI[HHeHHOﬁ MHUHUMAJIBHON IMOBCPXHOC-

™ X (u,v),Y (u,v),Z" (u,v):
X" (u,v) = Im{x(u+i-v)},
Y (u,v) = Im{y(u+i-v)},
Z"(u,v)=Im{z(u+i-v)}
Paznensist  nefCTBUTENBHYIO W MHUMYIO
4acTh s Kaknod m3 ¢yHkuui (11), momydnm

(13)

1+t YpaBHCHHUA MUHUMAaJILHOMN MMOBCPXHOCTHU
ort (C —mpou3BOJIbHAS TOCTOSIHHAS):
2(t) = T
+1
X (U,v) = 2r|(L+u? —v?)- cos(C — v)-ch(u)— 2uv-sin(C - v)-sh(u)]
’ u4+(v2—1)2+2u2(v2+1) ’
2 2 H
Y(uv)= 2r[(t+u? —v?)-sin(C —v)-ch(u)+ 2uv- cos(C — v)-sh(u)]’ 14)

ut + (v -1 +2u2(v? +1)
2ru(1+ u’ +v2)
u’ +(v2 —1)2 +2u2(v2 +1)’
u HpHCOG,[[I/IHCHHOﬁ MUHHUMAJILHOU ITOBCPXHOCTH:
X (V)= - 2r|(L+u? —v?)-sin(C —v)-sh(u)+ 2uv - cos(C — v)-ch(u)]
’ u4+(v2—1)2+2u2(v2+1)
v (uv)= 2r[1+u? —v?)- cos(C - v)-sh(u) - 2uv -sin(C — v)-ch(u)]

Z(u,v)=

, (15)
ut + (v -1 +2u%(v? +1)
. 2rviu® +v? -1
Z"(u,v)=- ( . ) :
u +(v2 —1) +2u2(v2 +1)
- 2
Ha puc. 1 u3obpakeHa MUHHMaJbHAS IO 2r((u2+v2+1)-ch(u)—2u'sh(u))
BEPXHOCTh, TIOCTPOCHHAS MO ypaBHEeHHsM (14), E=G= T v e " (16)
a Ha pUC. 2 — NPUCOEANHEHHAS MUHUMAJIbHAS u +(V _1) +2u (V +1)
IIOBEPXHOCTh, IIOCTPOCHHAs MO ypaBHeHusM  F =0.
Koaddunuentsr  BTOpoil  KBaapaTUyHOM

(15) mpu C =0; u{—%;...ﬂ; ve[-06:..0,6]

Koaddunnentsl nepBoit kBagpaTuuHOM HOpMBI
MUHHMMaJIbHOH noBepxHocTH (14) n npucoenu-
HEHHOU oBepxHOCTH (15) paBHBI:

¢dopmbl [21] MuHumanbHON moBepxHOCTH (14)
PaBHBI:

2r (L+u? —v?)

beN=o u’ +(v2 —1)2 +2u2(v2 +1)'

(17)
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Puc. 1. MunumanbHas NOBEPXHOCTh, IO-
CTpOeHHas o ypaBHeHUsM (14)

Fig. 1. Minimal surface was built on the
equations (14)

Puc. 2. [Ipucoenuuénnas MUHUMAJIbHAS 110-
BEPXHOCTb, [IOCTPOEH. 110 YpaBHEHUM (15)

Fig. 2. Associated minimal surface was built
on the equations (15)

Koaddumentsr  BTOpOH  KBaapaTUUHOM
dopMbI TIPUCOEAUHEHHON MHUHUMAIBHOM TO-
BepxHOCTH (15) paBHBI:

4ruv
ut+(v2 —1f +2u2(v2 +1)
KoadummenTs! mepBoit 1 BTOpoi KBazpa-

TUYHBIX (OPM PACCMOTPEHHBIX MOBEPXHOCTEH
(14) u (15), npuBOIAT BBIpAXKEHUE CpEIHEU

L=-N=-

(18)

E-N-2-F-M+G-L

KpuBHU3HBI [21] H = , I
2(E-G-F?)
KQXJ0M M3 YKa3aHHBIX MMOBEPXHOCTEN, K HYIIIO.
Ipu noncranoBke BeipakeHust V=—i-t+C

B ypaBHeHue Topa (7) Uil KaKAOTO 3HAYECHHUS
C mosyunM mapamMeTpuyecKue ypaBHEHUS JIpy-
roli MHUMOW M30TPOITHOM KPUBOM, KOTOpAas Jie-
JKUT Ha IIOBEPXHOCTH TOpPA, HAaWMEHbIIAS Ila-
palIesb KOTOPOTrO BBIPOXKIAETCS B TOUKY:

x(t)= ft .cos(=i-t+C),

t:
y(t) Ny

2rt
2(t)= —.
1+t

Ucnone3ys nans (yHKUMIT KOMIJIEKCHOTO
nepeMeHHoro  (19) HOByw  TepeMEHHYIO
t=u+i-v, MoxHO HaliTu 1o opmynam (12) u
(13) mapamerpuyeckue ypaBHEHUS MUHHMMAJb-
HOM IIOBEPXHOCTU U IPUCOCAUHEHHOM K HEW.
[lapameTrpuueckie ypaBHEHUsI YKa3aHHBIX MH-
HUMAJIbHBIX IIOBEPXHOCTEH OTIMYAKOTCS OT
ypaBHeHuit (14) u (15) COOTBETCTBEHHO TOJIHKO
MIPOU3BOJIBHON ITOCTOSIHHOM, HMEKT OJHU U TE
Ke Kod(p(ULHEHTHl MepBOM M BTOPOH KBajapa-
THYHBIX (popM. To ecTh MHHUMAaNIFHBIEC TTOBEPX-
HOCTH, 3a/aHHble ypaBHeHUsMU (14) u (15), u
COOTBETCTBYIOLIME MHUHHMMAJIBHBIE IIOBEPXHO-
CTH, 0Opa30BaHHBIE C TIOMOIIBIO H30TPOITHOU
kpuBoii (19), wumeroT oO0mMEe METPUYECKHE
CBOMCTBA U CBOMCTBA KPUBU3HBI IOBEPXHOCTH.

Beipaxenue (9) MOXHO pas3lioKUTh Ha
MHO>KHTEIIU B BUJE:

4r? , :

———-(dt—i-dv)dt+i-dv).
(1+t2)2
[IpupaBHMBas K HYIIO NPABYH 4acTb pa-
BeHcTBa (20), mociae HHTErpUpOBaHUS MOITYIHM:
t=i-v+C wm t=-i-v+C. (21)
[loncraBnsist Beipaxkenus (21) B mapamer-
pudeckue ypaBHeHHs Topa (7), HOIyduM ypas-
HEHME JIBYX CEMEHl MHHUMBIX U30TPOIHBIX KpH-
BBIX HYJAEBOW MIMHBL. JIJIsI KaKIOro 3HAYEHHS
C mno HalJACHHBIM H30TPOIMHBIMH KPHUBBIMHU
MO’KHO IOCTPOUTh MUHUMAaJIbHbIE TIOBEPXHOCTU
U TNPUCOECIUHEHHBIE K HUM. YKa3aHHbIE H30-
METPUUYECKUE ITOBEPXHOCTH MMEIOT PaBHBIE KO-
3(GdUIHEHTHI TIEPBOM W BTOPOH KBaJIPAaTHIHBIX
(opM ¢ MUHUMAIBHBIMHU MTOBEpXHOCTSIMH (14) 1
(15) coOTBETCTBEHHO, TO €CTh OHM XapaKTepH-

sin(-i-t+C),  (19)

ds® = (20)
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3yIOTCS OOLUMMHU METPUUYECKUMH CBONCTBAMHU H
0o0IMMH CBOMCTBAMU KPUBHU3HBI IIOBEPXHOCTH.
Hcnonp3yeM ykazaHHBIM CIIOCOO KOHCTPY-
WPOBAHUS MHHUMAIIBHBIX IMOBEPXHOCTEU JUIS
JIPYTUX CIIydaeB OTHECEHHSI TOpa K M30METPH-
YECKOM CETH KOOPAMHATHBIX JIUHUH.
I[lyctb r <R, Torma mapaMeTpuuecKue

YpaBHEHHUsI TOpa, OTHECEHHOTO K HM30METpHYe-
CKOH CETH UMEIOT BUI:

. R*- '
X(t;v) = R rcos(3 1) CosV,
N A Sl S
Y(t;v)= R roos(3 1) sinv, (22)
Z(t_v)__r-\/Rz—rz-sin(ﬂ-t)
o R—rcos(f-t)
rne: [ = RZ_rZ.

r
Torpa nuHeHBINA 31eMeHT Topa (22), oTHe-
CEHHOTO K M30METPUYECKON CETH, SBIISIETCS
BBIPAXKEHUEM!

dsg B R2 _ r2
R —r cos(

Ilpu mnoncranoBke Bbipaxenus V=i-t+C B
ypaBHeHUe (22) ans kaxjaoro 3HaueHus C 1mo-
Jy4UM [apaMeTPUUYECKUE YPaBHEHUS MHUMOU
WU30TPONHOM KPUBOM, KOTOpash HAXOAUTCS Ha
MOBEPXHOCTH TOPA (r < R):

R? —r? :
x(t):R_rcos(ﬂ.t)-cos(l-HC),
R?—r? -
y(t)= R—rcos(ﬂ‘t).sm(l t1+C),  (24)
Z(t;v)z_r-\/Rz—rz-sin(ﬂ't)’
R—rcos(f-t)
rne: [ = R2_r2.

r

JIns HaxoXJeHUs YpaBHEHUN MUHUMAIIb-
HOW M MPUCOECAUHEHHON K HEH MUHUMAIBHOU
MOBEPXHOCTU Ui (PYHKIHN KOMIIJIEKCHOTO TIe-
pemerHoro (24) cnoyib3yeM 3aMeHy t=U+i-V.

Paznensisi  nelCTBUTENBHYIO M MHHUMYIO
4acTh A Kaxaou u3 QyHkuui (24), umeem,
cormacHo (12), mapamerpudeckue ypaBHEHHS
MUHUMaIbHOM moBepxHocTH (C — mpoun3Boib-
Has IOCTOSIHHAsA):

cos(C —v)ch(u)[R —rcos(Bu)ch(sVv)]- rsin(Bu)sin(C - v) shu sh( )

——,Bt)J -(dvz +dt2) (23)
X(u,v)=

[(R—FCOS(,Bu)ch(,Bv)) +r?sin?(Bu)sh? ﬁvJ(RZ
Y (u,v)= sin(C —v)ch(u)[R —rcos(Bu)ch(Bv)]+rsin(Bu)cos(C

—V)- sh u-sh(sv)

(R—rcos(Bu)ch(BV)) +r2sin?(Bu)sh?(sv)]-(r? —R?)"
2rvR? —r? -[rcos(Bu)-Rch(Bv)] sin(pu)

(25)

Z(u,v)

RZ_rZ
r .

rne: B =

" 2R%+r?cos(28u)-4r-R-cos(u)-ch(Bv)+ rech(28v)’

Haiiném, cornacuo (13), ypaBHeHUs TpUCOSTMHEHHON MUHUM aJIbHOM IMOBEPXHOCTH :

X" ()= sin(C —v)sh(u)R—rcos(Bu)ch(Bv)]-rsin(Bu)cos(C —v)-chu-sh(pv)

[(R —rcos(Bu)ch(Bv))* +r? sinz(ﬂu)shz(,Bv)J-(r2 ~R?)

1 )

Y (uv)= cos(C —v)sh(u)- R+ rcos(Bu)ch(pv)]+ rsin(Bu)sin(C —v)-chu-sh(Av)

[(R —rcos(pu)ch(Bv)Y +r? sinz(ﬂu)shz(/)\,)J. (R2-r
2rvR? —r? -[-Rcos(Bu)+rch(Bv)]-sh(Bv)

Z"(u,v)=

2)—1 r(

RZ_rZ
r .

rae: f=

2R? +r?cos(2pu)—4r-R-cos(Bu)-ch(pv)+r?ch(2pv)

26)
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[&5]

Puc. 3. MunumanbHas NOBEPXHOCTh, IO-
CTpOEHHAas 10 ypaBHEHUM (25)

Fig. 3. Minimal surface was built on the
equations (25)

Puc. 4. [Ipucoequuénnas MUHUMAJIbHAS T10-
BEPXHOCTb, IIOCTPOEH. MO YpaBHEHUM (26)

Fig. 4. Associated minimal surface was built
on the equations (26)

Ha puc. 3 u puc. 4 n3o0paxeHbl MUHUMAaJTb-
Hasi ¥ NpHUCOeANHEHHAs TOBEPXHOCTH, IIOCTPO-
eHHbIe M0 ypaBHeHUsM (25) u (26) cooTBeT-

ctBeHHO i1 C=0,r=3, R=5, Ue [—2;...2];
vel[-04;..04]

Ha moBepxHOCTH OTKpBITOTO TOpa (r < R),
110 QHAJOIUM CO CIy4daeM Ipu r = R, 1 kax-
noro 3HaueHuss C MOXXKHO HaWTH aHaTUTHYe-
CKO€ OIIMCAaHME YETHIPEX CEMENCTB U30TPOITHBIX
JUHUNA, NPUYEM KAKIOW JIMHUHM TOCTaBUTH B
COOTBETCTBUE MHUHHUMAIBHYK IOBEPXHOCTb M
NIPUCOECIUHEHHYIO K HEW.

O0pa3oBaHHBIE MUHUMAJIBHBIE TOBEPXHOCTH
U MPUCOECIUHEHHBIE MUHUMAJIbHBIE TTOBEPXHO-
CTH HMMEIOT O0IMe METPHUYECKHe CBOWCTBA H
oOnme cBoicTBa KpUBU3HBI TOBEPXHOCTH.

Ilycte r >R, Torma mnapameTpu4ecKue
YpaBHEHHUSI 3aKpHITOTO TOpa, OTHECEHHOIO K
N30METPUYECKON CETH, UMEIOT BUJI:

L RZ _r2 .
X(t’v)_—R—rch(ﬁ-t) cosV,
R? —r? :
V)= . 27
Y(t;v) R ren(7 ) sinv, (27)
Z(t_v):_r-\/rz—R2 -sh(s-t)
’ R-rch(g-t)

r2 _R?

: .

IMoxcraBiss Beipakenust V=1i-t+C B ypas-
HeHue (27) s kaxaoro 3HaueHuss C moaydum
MapaMeTpUYECKUe YpaBHEHUS MHHUMON H30-
TPOMHON KPUBOM, KOTOpas HAXOAUTCS Ha IO-
BepxHocTH Topa (f > R):

RZ_rZ

rae: [ =

x(t)=m-cos(i ‘t+C),
y(t) = #h(rﬂ-t).sm(i t+C), (28)
()= - r-Nr?—R?.sh(s-t)
- R—rch(p-t)
rie: ﬂ—f-

Hcnonw3ys 3ameny t =uU+i-V uis QyHKImi
(28) m pazmensisi NEHCTBUTEIBHYIO U MHHUMYIO
4yacTb, HaxomuM, cornmacHo (12), ypaBHeHUs
MUHUMaIbHOW moBepxHOocTH (C — mpou3Bosib-
Has TOCTOSIHHASA):
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X (u.v)= cos(C —v)ch(u)[R - rcos(Bv)ch(Bu)]+rsin(pv)sin(C —v)-shu-sh(Bu)

’ [(R—rcos(,[?v)ch(,[i’u))2 +rzsinz(,li’v)shz(,Bu)J-(R2 —r?)? ’

sin(C —v)ch(u)- R+ rcos(gv)ch(Bu)]+ rsin(Bv)cos(C —v)-shu-sh(pu)
Y(U’V): 2 22 2 2 2 Y1 ' (29)
[(R —rcos(Bv)ch(Bu)y +r?sin®(Bv)sh (ﬂu)J(r ~R?)
2r\r? —R? -[rch(Bu)—Rcos(Bv)]-sh(Bu)
2R? +r?cos(28v)—4r-R-cos(fVv)-ch(Bu)+r?ch(24u)’
r2_R?
—

U ypaBHeHUSs TpUCOEIUHEHHON MUHUMAJIBbHOW TOBEPXHOCTH

N sin(C —v)sh(u)[R - rcos(Bv)ch(Bu)]-rsin(Bv)cos(C —v)-ch u-sh(ﬁu)’
l(R —rcos(Bv)ch(Bu)) +r? sinz(ﬂv)shz(,Bu)J-(r2 —R?J"

v c0s(C —v)sh(u)JR = rcos(Bv)ch(Bu)]+ rsin(Bv)sin(C —v)-chu-sh(su)
[(R —rcos(Bv)ch(Bu))* +r? s,inz(,Bv)shz(/i’u)J-(R2 —r2)?

Z(u,v)=

rne: [ =

(30)

2r\r? —R? -[-Rch(Bu)+rcos(Bv)]-sin(Bv

_ )
~ 2R*+r2cos(28v)-4r-R-cos(Bv)-ch(Bu)+r?ch(2u)’

B
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-5 Puc. 6. [IpucoeanHéHHass MUHUMAaJIbHAS T10-
0 BEPXHOCTb, MIOCTPOEH. 10 ypaBHEHUM (30)

Puc. 5. MunuManbHas MOBEPXHOCTb, MOCT- Fig. 6. Associated minimal surface was built

POCHHas 110 YpaBHEHUAM (29) _ on the equations (30)
Fig. 5. Minimal surface was built on the

equations (29) Ha moBepXHOCTH 3aKpbITOTO TOpa (r > R)

UL Kakoro 3HadeHus C Taioke MOXKHO HaWTH
AQHAJIMTUYECKOE ONMMUCAHHUE YETHIPEX CEMEMCTB
U30TPONHBIX JIMHUMU, NPUYEM KAXKIOU JIMHUU
eHHble 1o ypaBHeHUsM (29) u (30) cooTBercT- P > 1P A
MMOCTaBUTh B COOTBETCTBME MHUHHUMAIBHYIO I10-
Beuno mi1 C=0,r=5 R=3, UE[—Z;...Z]; .. N
BEPXHOCTh U MPHUCOETUHEHHYIO K Heil. OOpazo-
VE[_014’---0a4]- BaHHbIE MUHUMAJIbHBIE TOBEPXHOCTU U MPHUCO-

108

Ha puc. 5 u puc. 6 n300pakxeHbl MUHUMAITb-
Has U OPUCOCIMHEHHAs MOBEPXHOCTH, I1OCTPO-



CEPT'EM IMJINITAKA, HUKOJIA MYKBIY

€IMHEHHBIC MUHUMAJIBHBIE IIOBEPXHOCTH HMeE-
I0T o0lme MEeTpUYecKue CBOMCTBA U obLme
CBOMCTBA KPUBU3HBI I0BEPXHOCTH.

BbIBO/IbI

1. Ha moBepxHocTH TOpa, B KaXIOM H3
TpEX caydaeB R=r,r <R, r >R orHecenus K
M30METPUUYECKON CETKE, MOXHO OTBICKATh aHa-
JIMTUYECKOE ONMHMCAHUE YETBIPEX CEMEWCTB U30-
TPOIHBIX JIMHUH.

2. Kaxmoit m30TponHO# IUHUU COOTBETCT-
BYET MUHHUMAJIbHASI MOBEPXHOCTH U MPUCOEIH-
HEHHas K HEH.

3. O06pa3oBaHHBIE MHUHHUMAJbHBIE MMOBEPX-
HOCTH U MPUCOCIUHEHHBIE MUHUMAJIbHBIE T1O-
BEPXHOCTH MMEIOT O0IMe METpUUECKue CBOMC-
TBa U O0IIME CBONCTBA KpUBU3HBI TOBEPXHOCTH.
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CONSTRUCTION MINIMAL SURFACES
USING ISOTROPIC CURVES LYING
ON SURFASE OF A TORUS

Summary. The research results of the devel-
oped method of constructing a continuous
framework of minimal surfaces with isotropic
curves lying on the surface of rotation, attribut-
ed to isometric grid coordinate lines. The choice
of surfaces of rotation due to the simplification
of analytical conditions for the transformation
of the orthogonal coordinate lines to the isomet-
ric grid, an infinitesimally small cell where
(network element) is a square. From the condi-
tion of equality to zero of the linear element
surface of rotation obtained by parametric fami-
lies of isotropic equation curves.

We have investigated the analytical descrip-
tion of the torus, attributed to isometric grid
coordinate lines. Particular cases for an open
torus (ring) and a closed torus. Using the equa-
tions of isotropic curves, lying on the surface of
a torus, made up of parametric equations and
minimal surfaces of associated minimal surfac-
es. The value of the mean curvature of minimal
surfaces formed.

Using the developed method of constructing
a continuous framework of minimal surfaces,
proved that on the surface of a torus, in each of
the three special cases for inclusion in the iso-
metric, you can find an analytical description of
the four families of isotropic lines. Each iso-
tropic line corresponds to an minimal surface
and associated to it. Educated minimal surfaces
with an associated minimal surfaces have a
common metric properties and general proper-
ties of the curvature of the surface.

The test of continuous geometric modeling
method is commonly known advantages result-
ing from the definition of parametric equations
of minimal surfaces in the form of elementary
functions. This analytical description of mini-
mal surfaces allows to take into account their
differential characteristics, to explore different
geometric properties of surfaces, refine and op-
timize existing engineering methods for design-
ing technical surfaces forms and architectural
designs.

Key words: torus, linear element of a surface,
isotropic curve, minimal surface, mean curva-
ture of a surface.
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Yuriy Chovnyuk, Igor Sivak

National University of Life and Environmental Sciences of Ukraine
Str. Heroiv Oborony, 15, Kiev, Ukraine. E-mail: sivakim@ukr.net

Summary. Dynamics and control of
nonlinear mechanical systems, for example,
such as machine-aggregates with mechatronic
control systems, can be investigated more
vividly and efficiently by using corresponding
nonlinear position-dependent  circuits that
describe Lagrange’s equations of motions and
interactions with objects or/and task
environments. Such expressions of Lagrange’s
equations via nonlinear circuits are indebted to
lumped-parameter discretization of mechanical
systems as a set of rigid bodies through
equations of motion due to Newton’s second
law. This observation is quite analogous to
validity of electrical circuits that can be
derived as lumped-parameter wversions of
Maxwell’s equations of electromagnetic waves.
Couplings of nonlinear mechanical circuits of
machine-aggregates with electrical circuit
through actuator dynamics are also discussed. In
such electromechanical circuits the passivity
should be a generalization of impedance
concept in order to cope with general nonlinear
position-dependent circuits and play a crucial
role in their related motion control problems. In
particular, it is shown that the passivity as an
input-output property gives rize to a necessary
and sufficient characterization of H.-tuning for
disturbance attemation of agricultural robotic
systems, which can give another system-
theoretic  interpretation of the energy
conservation law.

Key words: nonlinear, position, dependence,
circuit theory, motions, machine-aggregates,
mechatronics control systems.

INTRODUCTION

It is widely known as explained in many
textbooks that there is an analogy between
dynamics of a simple linear mechanical system
of mass-damper-spring (MCK) and that of a

simple lumped-parameter linear electric circuit
of inductor-resistor-capacitor (LRC) (Fig. 1).

S/ )

Fig. 1. Analogy between an (a) mass-
damper-spring mechanical system and a (b)
linear inductor-risistor-capacion electric circuit

Nevertheless, dynamics of actual mechanical
and mechatronics systems such as agricultural
robot arms, mechanical hands and machine-
aggregates systems have never been analyzed
intensively based on their corresponding circuit-
theoretic expressions although we don’t know
whether such circuits exist in general or not.
Indeed, there is a dearth of papers that have
discussed directly any possibility of expressing
Lagrange’s equation of motion for nonlinear
mechanical systems (such as machine-
aggregates with a mechatronics control systems)
via lumped-parameter  circuits like electric
circuits. Conversely, there is a well-known
approach called «Euler-Lagrange formalismy
for analyzing electric circuits [1] and
«Lagrange-Formalismy for discrete
electromechanical systems [2]. More classically,
there was a proposal for description of
mechanical systems via a network called «bond
graphy [3], [4]. This network approach has been
extended to cope with nonlinear mechanical
systems [5] and in particular to fruit in a
simulation program package for multibody
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agricultural robotic systems (for example, see
[6]). However, the bond graph approach does
not express because it is constructed on the
basis of connections of physical entities. On the
other hand, an electric circuit reflects the energy
flow in the system, but generalization of the
electric circuits to nonlinear dynamics has been
quite  limited so far thought in 1960’s and
1970’s many research works were carried out as
found in the literature. In fact, only a limited
class of circuits was investigate by introducing
individually a few of single nonlinear elements
like a nonlinear resistor, an inductor with
nonlinear flux, and a nonlinear capacitor (for
example, see [7], [8]).

This paper show fist that a mechanical

system governed by Lagrange’s equation of
motion implies the existence of a nonlinear
position-dependent circuit and its dynamics
corresponds to that of the circuit. In such a
nonlinear circuit the wvelocity vector can be
regarded as the current vector that passes along
a bundle of branches and flows into and out of
such blocks with n inputs and n input and
output terminals as kinetic inductor, resistor,
virtual resistor, and gravity capacitor.
These linear or nonlinear blocks are considered
to be operators that operate on a domain of
velocity vectors and generate voltage drops. A
nonlinear kinetic inductor can be regarded as a
block with n inputs and n outputs being
dependent on the position and retains a kinetic
energy. A gravity capacitor is also dependent on
the position and retains a potential energy.

Both Kirchhoff’s current and voltage laws
are valid to this class of nonlinear position-
dependent  circuits, corresponding to
d’Alambert’s principle. In addition, a new
concert called «displacement capacitory is
introduced in order to cope with set-point
control problems of nonlinear mechanical
systems. The displacement capacitor can be
interpreted as an extension of a mechanical
spring. Thus, it is shown that a similar method
to the direct-current analysis for electrical
circuits can be applied for the stability analysis
of set —point control without compensation for
the gravity force. However, the proposed
approach is not a simple extension of this
analogy because mechanical circuits as a
language for describing dynamics should have
more flexible syntax and general context to cope

with various nonlinearities in electromechanical
systems and three underlying physical variables
«velocity», «torque» and «position» differently
from electric circuits that have only two Kkinds
of underlying physical variables «current»
(corresponding to «welocity») and «voltage»
(corresponding to «torque»). A physical
variable «electric charge» appears as an integral
of «current» in time in electric circuits like
«positiony» as an integral of «wvelocity» in time,
but a vector of position variables signifies a real
configuration of the system in space. Hence, a
Kinetic inductor is a genuinely new concert of
inductor that is dependent on not only
“velocity” but also “position”, that is, the
inductance operator that induces «voltage drop»
depends on the present configuration of the
system.

In this paper, we fist introduce definitions of
elementary blocks that may constitute a
mechanical circuit and show a few examples of
nonlinear  position-dependent circuits that
express Lagrange’s equations of motion of
mechatronics systems. Secondly, we deal with
coupling of the motion of a robot arm driven by
a set of voltage-controlled de motors as joint
actuators with a set of linear armature electric
circuits. Thirdly, we tread the most fundamental
problems of set-point position control of robot
arms with or without compensation of gravity
forces from the passivity viewpoint. In
particular, we present a necessary and sufficient
characterization of H., -tuning of a proportional
derivative (PD) control with off-line gravity
compensation in the sense of disturbance
attenuation. In all cases, the passivity as a
system-theoretic input-output property plays a
crucial role, which also characterizes the
sufficient condition for H, -tuning in most
cases. This in turn means that the H., -tuning for
mechatronics systems in the sense of
disturbance attenuation can be interpreted as
another characterization of «energy preservation
law». Thus, a nonlinear position-dependant
circuit is an energy-based expression of the
dynamics and at the same time expresses the
motion itself. Hence, nonlinear position-
dependent circuits can be considered to be
another language for description of motions of
nonlinear mechanical and machine-aggregates
mechatronics systems. In the concluding
section, we finally discuss future research
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directions of the proposed approach based on
nonlinear position-dependent circuits.

ELEMENTARY BLOCKC CONSTITUTING
CIRCUITS

Consider a block, into and out of which a
bundle of n physical variables g=(q1....gn) flows
like a vector of n electrical currents (Fig. 2).
For a mechanical system consisting of a series
of n rigid links connected through n joints
(Fig. 3), g; stands for the angular velocity at
joint i if the joint is of revolute-type or does for
the wvelocity if it is prismatic. According g;
denotes the angle or the linear position and
hence gi=dq;/dt. We introduce several kinds of
elementary blocks with corresponding physical
properties in the following way:

1) Resistance block: This is a block that
induces the torque/force vector Rq like a vector
of voltage drops, where R isan n x n symmetric
nonnegative definite matrix [Fig. 4(a)].

voltage drop |

[« |

a1 . Elermentary -
dz__ L »d
. Block .
L] L]
L] L]
. . .
Gn—— —* 4,
current current

Fig. 2. Elementary block of nonlinear
position-dependent circuits

Fig. 3. Anthopoid manipulator with revolute-
type joints

Rg Slauglg

R . . ${o.q)

Fig. 4. Elementary blocks of nonlinear
position-dependent circuits. (a) Resistance
block. (b) Virtual-resistance block. (c) Kinetic-
inductance block. (d) Gravity-capitance block.
(e) Displacement-capitance block

2) Virtual-resistance block: This is a block
that induces the torque/force vector S¢g, ¢q°),
where S(g, ¢g) is an n x n skew symmetric
matrix dependent on qand ¢ [Fig. 4(b)].

3) Kinetic-inductance block: This induces
the torque/force vector

{H(q)%Jr%H(q)}fl [= Higg + %Hm)q] (1)
where  H,yis an n x n symmetric positive
definite matrix dependent on position q [Fig. 4
©1.

4) Gravity-capacitance block: This induces
the torque-force wvector q(q) that is an n-
dimensional vector-valued function of position
q [Fig. 4(d)].

5) Displacement-capacitance block: This
induces the torque-force vector s(Ag)
=[s1(Aq)....,sn(Agn)]", where qu=(Qd1, ..., gan)' IS
a given target position, Aq = q-qd, Aqi=qi-qdi
(F=1....,n) and each si(0) is a linear or nonlinear
function satisfying.

Si(0)=0
and
Osi(0)>0 for © 0. 2)
[Figs. 4(e) and 5].

6) Current (angular welocity)-source or
voltage (torque)-source: This is a source that
can generate the specified current (angular
velocity) flow [Fig. 6(a)] or maintains the
specified voltage (torque/force) between two
terminals [Fig. 6(b)].

Furthermore, is should be interpreted that: 1)
a resistance block with resistance R (an n x n
symmetric nonnegative definite matrix) induces
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the energy consumption rate ¢'Rq, 2) a virtual-
resistance Dblock induces none of energy
consumption because the inner product of g
with S(, ¢ ) g vanishes due to the skew
symmetry of S(q, g), 3) a Kkinetic-inductance
bloc retains the kinetic energy K(q S(q, C'I)% q

H(g) g likely as an inductor retains magnetic
energy in an electric circuit, and 4) a gravity-
capacitance block retains the potential energy
P(q) where qi(q)=0P(q)/ oql, i=1,...,n. All
nonlinear blocks from b)-d) and a linear
resistance block a) can be dependent on the
same and common position q if they are
connected in series (Fig. 7). To illustrate this,
consider again the robotic arm depicted in
Fig. 3. As was already known, the Lagrange
equation of motion of the system is described

by
Gl lad)—5l@d=F @
where:  L(q,q) = K(q,9)—P(q),K(q,9)[=

~4"H@)q]-

_m|ﬁ
| A

v

o | A
| R

-

Fig. 5. Gradient of a potential

Denotes the kinetic energy, P(q) denotes the
potential energy, and F does the generalized
force vector whose ith component stands for a
torque generated by an actuator at joint i. In
detail, (3) can be written as

T . 0 . a
H@)d+H (@)q-5-K(q, D+5-P@=F.  (4)
Further, note that (3) can be expressed as
(H@Z+1H(@}q+ 509 +aq(g) =
F ()
Where

S(0, 04 = H{H @a- 2 aTH@a} ©)

¥ N ¥
L — .
N
(a)
o, N
C)F F
(k)
Fig. 6. Sources of nonlinear position-

dependent circuits.
Voltage source

(@ Current source. (b)

Kinetic inductance
Hla)+S H(g)

Virtual

Fig. 7. Nonlinear circuit that expressed
Lagrange’s equation of motion

It is well know that S(g,q) become skew-
symmetric (see [9]).

Now, applying Kirchhoff’s voltage law for
the circuit of Fig. 7 leads to (5). Thus, the
Langrange equation of motion for the system of
Fig. 3 is now represents by the nonlinear
position-dependent circuit depicted in Fig. 7
[corresponding to (5)].

Finally it should be remarked that a
displacement-capacitor can be interpreted as a
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generalization of “mechanical spring” since
each component sj(Ag;) of si(Ag) plays a role of
restoring force, which can be described by a
linear or nonlinear function of displacement Ag;.
Further, a virtual resistance block characterized
by a skew-symmetric matrix S (q,g) can be
regarded as a generalization of gyrators in
electric circuits.

PASSIVITY ANALYSIS OF NONLINEAR
CIRCUITS

Impedance or admittance is an essential
concept of linear electric circuits, that is
defined as a radio of Fourier-transformed input
and output. As to Fig.1(b). admittance G(iw)
between input voltage V and output current | is
defined as G(iw)=I(iw)/V (i)=[Lin+R+(Ci) 1
! where I(iw) and V(iw) signify the Fourier
transform of I(t) and V(t) respectively, provided
that both the inductor L and the capacitor C
retain zero energy at t=0. Similarly, mechanical
impedance concerning the mass-damper-spring
system between input force F and output
velocity x(= Z—:) is defined as G(i w )=
i w[M(iw) *+C(i @ )+K]'=[M;,+C+K () 'T™
However, the concept of impedance or
admittance is not effective in general in
analyzing nonlinear dynamics like (4), because
Fourier and Laplace transforms can not be
applied for describing input-output relations of
that dynamics. It is however fortunate that,
according to Anderson [10], passivity of system
dynamics is the alternative expression of
impedance or admittance, which is defined as
[for example, in the case of Fig. 1(b)]:

3 Iy Viyar = E()— E(0) + [7 RI? (D)dx, (7)
>—FE(0),

:—)/.

Where E@t)={LI*(t)+C  q*®)}2 and
dt(t)/dt=I(t). In the case of nonlinear dynamics
(5), we obtain the following relation by taking
an inner product of (5) by ¢ and taking an
integration of the product over z[0,t]:

[ 4" (@F@dt = E®) — E(0), (8)

>— E(0),

- — 02.

Where ¢Tstands for the transpose of ¢ and

E()=5 4" (OH[q(Dq®O]+ P[g(®]. (@)

Since the constant term of potential P(q) can
be taken arbitrarily, we set infq P((=0 provided
that all joints of the system are rotational. Then,
E(t) is nonnegative definite and hence
E(0)=yZ, which asserts the second inequality in
(8). Suggested by this observation, we generally
define the passivity of nonlinear dynamics.
Suppose that a nonlinear dynamics with input u
is given and output y associated with the
dynamics is specified. If this input—output pair
{u,y} satisfies

[y (@Du@dr = -2 (10)

For any £=0 where yZ depends only on the
system state at t=0, then it is said that the pair
satisfies the passivity.

Now, consider first a setpoint position
control problemand let us discuss three types of
servo-loop for robotic systems described
respectively by:

F=0(q)-4Ag-Bq+u  (11)
F=-AAq-B4-C [, y()dr, (12)
F=-AAq- Bqg+Z(qq)0-py+u (13)

Where qq is a given desired target position,
Ag=q-qq, and y and @ are defined respectively
as follows:

y=q +as(Aq), (14)
6(t)= 6(0)-J, I"'Z"(quy(r)dt  (15)
where we intentionally make s(Ag)composed of
saturated function Si(Agj), i=1,...,n, as shown in
Fig. 5 (see Arimoto [11]). The servo-loop of
(11) is called a PD feedback with off-line
gravity force compensation, that of (12), a
saturated-proportional, integration and
differentiation (SP-ID) feedback, since each
component of s(Ag) is saturated, and that of
(13), an adaptive PD control. It is implicitly
assumed in all cases that A, B, and C are
positive definite diagonal matrices, f>0 is a
scalar constant, and @ an estimate of ®, a
vector of link masses, 1e., ®=(m1,._wmn)T. If the
gravity term q(qq) at the desired posture cannot
be evaluated exactly because of uncertainty of
link masses, it is then possible to use the fact
that link masses appear linearly in the gravity
term g(q) and therefore g(q) can be expressed
as

g (49)=Z(q)0, (16)
where Z(q) is an nxn matrix called the gravity
regressor. Note that, instead of real-time

computation of Z[q(t)] as in (16), the adaptive
PD control defined by (13)-(15) uses only a
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constant regressor Z(qq) that can be computed
off-line. Among these three servo-loops the SP-
ID feedback must be the simplest because each
servo-loops at ith joint can be independently
and distributively implemented since A, B, and
C are diagonal and each component of s(Ag)
depends only on its corresponding position
error, i.e., si(Ag)=si(Aqgi) for i=1,...,n.

Fist consider the PD feedback with off-line
gravity compensation. Substituting (11) into (5)
yields

{(H@Z+3H@}a+{S(a.d) +BY +
q(q) —q(q) + Abg=u  (17)

This dynamics is expressed by the circuit
depicted in Fig. 8. Since the potential P(q) can
be expressed as a combination of trigopnometric
functions of components of g, its.

Hessian G(q)=[0°P(q)/dqidgi] it alo a
combination of trigonometric functions of
components of g. There fore, there exists a
constant matrix A>0 that satisfies

~AqTAMq+ P(q) — P(q,) — Aq"g(q,) =

allAq|l” (18)

for all g and a fixed small constant a>0. Then,

as already pointed out by [12], it follows from

taking an inner product between g and (17) and
an integration of it over [0,t] that

[} q" @u(o)dr = E() — E(0) +
fot ¢T (0)Bg(v)dr, (19)

where
E(t)=3 9" OH[A®T4®)+PLq(t)-P(d)-

AGT()9(Aa)+5Aq(14Ag(1).  (20)

Hos+3H@@  Sled) ala)
/W\ | |
[
Motion
Ll - pang
g —
>
Bg
Servo-loop
=
8z

Fig. 8. The input-output {u, q} satisfies the
passivity

Since E is positive definite in Aq and ¢, (19)
means (10) with y=g. That is,

Property 1: The input-output pair {u, g} of
the circuit depended in Fig. 8 satisfies the
passivity.

It is well know [13] that the target state
(9=qq., g=0) of the closed-loop system of (17)
with u=0 is globally asymplotically stable,
which was proved with the aid of LaSalle’s
invariance theorem. The meaning of this result
can be tractable from the direct-current analysis
of the circuit depicted in Fig.8. In this circuit,
u=0 and where desired target qq Is a set earth.
Since the voltage of the source is constant, the
current tends to vanish as r—oo, which means
that the sun of wvoltage drops through the
capacitance blocks and the source, that is {g(q)-
9(qa)tA4AAg}, must tent to vanish. Therefore, If
A>0 is Iar%]e enough satisfying inequalit%/

Aq'{9(0)-9(au)/+Aq AAg=alAgl®  (21)
with a specified small o>0 as well as inequality
(18), then Aq(t) must tend to vanish.

Secondly consider the SP-ID feedback
defined by (12) that can avoid the calculation of
the gravity force. In relation to this, we conside
the passivity of the pair {u, y[=¢ tasAg)]}
concerning the dynamics of (17), which
corresponds to the passivity of input torque u
(voltage input) and velocity y (current output) of
the circuit depicted in Fig. 9.

Smfi'}g

1
w I
|

=

g{g}

Current Source

a
4z

Fig. 9. A saturated position feedback is
imlemented as a current source so that the input-
output pair {u, y} satisfies the passivity

According to Arimoto [11], [14], it follows
that:

Property 2: There is a number 0o>0 such that
the pair {u, y[=¢q taAqg)]} for any fixed a
satisfying ap>0>0 concerning (17) satisfies the
passivity.
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Owing to this property, the SP-ID feedback
of (12) can be interpreted as a negative
hyperstable feedback connection of the
nonlinear passive dynamics with a linear
passive  system with transfer  function
G(s)=(1/s)C [Fig. 10(a)]. Therefore, Popov’s
hyperstability [15] suggests the following:

Property 3: There exists a number ap>0 such
that the SP-ID feedback defined by (12) for any
fixed a(ap>0>0) leads to the global asymptotic
stability of the equilibrium state (g=qq4, ¢ = 0)
concerning the closed-loop dynamics:

(H@L+3H@}a+{5q.9) +B) +
9(q@) + AAg+C fot y(t)dr =0, (22)
where y=qg+as(Ag).

Note that the above dynamics can be
expressed by the circuit depicted in Fig. 10(b).

Robot y=g+es(aq)

.

[ } Dynamics
F

PD

feedback <

1
-C
s

&

positive real
(a]

d

. 1.
Higl+ZH{g)

% slq.4q) g
ala)
Bg
ALg

)

j= i

-
y =

-
[

AT

o .

[ asfAg)

O,

(b) e

Fig. 10. (a) Negative feedback connection of
a nonlinear hyperstable system with a linear
positive real system. (b) A nonlinear position-
dependent circuit that exhibits the closed- loop
system of (22)

A rigorous proof of Property 3 was given by
Arimoto [11]. However, from the circuit-
theoretic viewpoint it is easy to see that as r—
the current through the displacement capacitor
accumulates in that block and its integration
tends to the value in such a manner

lim, _, ., foty(r)dr =-g(q.), (23)
which just withstands the desired gravity force
g(qq) at the gravity capacitor block.

Thirdly, consider the adaptive PD control
defined by (13)-(15). Substituting (13) into (5)
yields

(H@ L+ 0@ )4 +{5(q.0) + Bl +

Z(qy)00 + g(q) —g(qy) + ADq + By = u,

(24)

where A@=0- 6 . Similarly to the argument
developed in [16], it is possible to state:

Property 4: There is a number 0ap>0 such that
the adaptive PD control defined by (13) for any
fixed o satisfying ap>0>0 gives rise to the
passivity of the pair {u. y} concerning (24) and
to the global asymptotic stability of the
equilibrium state (g=¢qq, ¢=0) concerning (13)
with u=0, (14) and (15).

A slightly weaker version of this stability
property was fist presents by Tomei [17] and
analyzed in detail by Kelly [18]. Note that (24)
can be expressed by a nonlinear circuit depicted
in Fig. 11. It is interesting to see that the gravity
regressor plays a role of displacement capacitor
because, according to (15), the tern Z(gq¢)A® can
be expressed as

Z2(4a)0(1)=2(aa)0(0)-CJ, y (D),
where C=Z(qu)I"*Z"(qq).

(25)

2(06(0)-J; Z{ga) rZ (adyiridt T
B Hlmi; +7H{g)

e —
* B Yasiag)

Slad)q

[2F3
Fig. 11. Nonlinear circuit of robot dynamics
with a controller satisfying the global
asymptotic stability without compensating the
gravity term
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COUPLING OF MECHANICAL CIRCUITS
WITH ELECTRONIC CURCUITS

We consider coupling of mechanical motion
of a robot arm with a set of electronic circuits of
joint actuators. Consider a voltage-controlled dc
servo-motor depicted in Fig. 12(a). The
dynamic equation of the armature circuit
corresponding to the ith joint actuator can be
expressed in the form

LiI.ai+Ri|ai+Kbi@'i=Vi,i=],...,n (26)
where Lj, R, lai, Kbi, and v; denote the armature
inductance, armature resistance, armature
current, constant of motor back electromotive
force, and armature wvoltage of the motor
armature circuit. We denote the transmission
gear ratio n;: 1 from the motor shaft angle to the
joint angle by a number ry(=1/n1) and assume
that arm link is sufficiently stiff to be
considered as rigid and hence ri®i=gi, where g;
denotes the ith component of position
coordinates q of the arm [Fig. 12(b)].

Constant
Magnetic Field

Permanent Magnetor
Electrical Magnet

Motor

r=1/n

fim]

a=4/r

(b)

Fig. 12. (@) A dc servo-motor. (b) A
transmission gear with redactor ratio 1: n is
attached at motor shaft

On the other hand, the torque generated from
the ith joint motor is equivalent to K;;l,;, where
K:; denotes the torque constant. According to the
d'Alambert principle, the torque Kl;; is equal
to load due to inertia moment and damping from
the motor side itself and the ith contridution r;F;
of the motion of the arm, where F; denotes the
ith component of F in (5). This can be expressed
as

NK I =F+Hog+Bog={Ho+H(Q)}j +{; F (a)+

Bo+S(a.9)}g+9(a) (27)
where N=diag( %, ...,7; 1), K=diag(K,...,
Ken), Ho=diag(m1 7y 2,..., dnt;; %), Bo=diag (bm1
77 %,..., bam7, %) provided that all joints are
driven by such wvoltage-controlled dc servo-
motors.

Now, the nonlinear position-dependent
circuit governed by (27) can be coupled with the
linear electric circuit governed by (26). Since
ri@=q; for i=1,...,n and in principle the motor
torque constant K.; is equivalent to the constant
Kyi of back electro-motive force, the circuit of
the total dynamics can be depicted in Fig.13,
where coupling between the mechanical
nonlinear circuit and electrical armature circuit
is realize by a “transformer” at the velocity
level.

The voltage drop (torque) inductance by the
transformer at the side of mechanical motion is
equivalent to — NK¢l, (proportional to the
current vector 1) and the actual voltage drop
induced by the transformer at the armature
circuit is considered to be equivalent to the
voltage NK; g induced by the back electro-
motive force.

According to (26) and K=Ky the set of

armature circuit can be described in the
following form:
Lol o +Rol+NK g=u (28)

where 1,=(las ... lan)'V=(1,.... w)", L,=diag
(Ly,...,Ln), and Ry=diag(Ry, ..., Rn).

At this stage it is natural to expect that the
input and output pair {v. I,} for the total circuit
of Fig. 13 may satisfy the passivity. In fact, it is
possible to show the validity of this property by
taking inner products between (28) and la and
between (27) and ¢ and summing up these two
resulting quantities, which results in the form

d : :
Ty = E[l 1L, 1, + %qT{HO + H(q)}g +

2 a
P(Q)|ITRa+la+4"Bog  (29)
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Fig. 13. The transformer connects the motion
of a nonlinear mechanical system with a set of
linear electrical circuit. The input-output pair
{u,1a} satisfies the passivity

Since it is possible to choose a constant term
of the potential P(q) so that ming P(q)=0, it
follows from (29) that

LIT@v(@de > -E(0) = =y (30)
where E(0) denotes a nonnegative quantity at
t=0 of the total energy defined by the inside the
square bracket in (29). A setpoint control
problem for the total system will be easily
solved by taking advantage of this passivity
property though the total system seems more
complicated with 3n state variables (q, ¢, la).
This has been treated in [16].

DISTURBANCE IN A SENSE OF Hoo
CONTROL

In this section, we treat a special case when
the inductance matrix L, is small enough in
comparison R, so that the fist term of (28) can
be ignored in the armature circuit dynamics.
Then, (28) can be rewritten in the form

NK.la=F-Bog, (31)
where F=NK; R;'v and B ¢=NK; R;'N K, .
Substituting (31) into (27) yields.
{Ho+H(@Yd+{; H (@) + By + S(g,)}a +
q(q) =F, (32)
where B1=Bo+ B . We implicitly assume the
exact knowledge on N,K; and R, and thereby the
input F can be composed of the input voltage v
though F = NK.R_* v. Further, we must bear in
mind that there are other nonlinear frictional
forces that cannot be described and hence
cannot be included in (32). Therefore, if we
consider a PD feedback with gravity
comparison by (11) and a closed-loop system
[obtained by substituting (11) into (32)]

{Ho+H@Yi+E A (q) + S(q.9) + Blg +

9(q) — 9(qq) + AAqg =u = h(Aq,q) +

Au, (33)

where B = B, + B, then extra input u must be

sum of unknown but structured frictional forces

h(Aq, g)and another genuine disturbance Au as

described in (33). It should be also remarked

that a position feedback of time delay AAq(t-Atf)

induces a positive velocity feedback in such a

way that

-AAq(t-At)=-AAq(t)+AtAq(t).  (34)

Since such a positive velocity feedback much

be taken into account in the structured

disturbance hAgq, G ), we suppose a class of
structured disturbance satisfying

y2 f R[AG(D), 3 (D]a(Ddr <

INHGIAED
for a fixed »*and any t>0

Definition 1: If the input-output pair {Au, g}
concerning the system of (33) satisfies the
passivity for any structured disturbance 2 (Agq, §)
satisfying (35), then it is said that it satisfies the
passivity with maring y2.

At the same time, we are concerned with the
performance of disturbance attenuation in
general in the sense of L2 norm of the output ¢
versus that of the total disturbance u in (33) over
any time interval [0,t].

Definition 2: Assume that ¢(0)=gq and
¢ (0)=0. If for a fixed y*>0 and any time
interval [0,t] in hold that

bo; llg (D IPde<y? [ llu(T)IPdz, (36)
then we say that the system described by (33)
establishes the H.-turning with level y2. Here
in (36) by is defined as bo=minimum eigenvalue
of E' [bozim(ﬁ]-

The most important result concerning these
two concepts can be stated in the following four
theorems proved in [19-25].

Theorem 1: A necessary and sufficient
condition for the system of (33) to satisfy the
passivity with margin y? and to establish the
H..-tuning with level y2simultaneously is that

y*<bo [Am(B) ], (37)
provided that A>0 is chosen to satisfy (18) and
(21) with a specified small a>0.

This  theorem  presents a  physical
interpretation that if the energy dissipation rate
g"Bg has a margin beyond y?ligl® for any
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g them the H.-tuning is established. This is
valid for the nonlinear dynamics of (33) in a
global sense. Another noteworthy feature of
Theorem 1 is that the sufficient condition for
establishment of the H.-tuning is expressed in a
very simple form, which need neither solve any
of Riccati’s matrix equation [19] nor use
solution to Hamilton-Jacobi-lssacs equation
[20]-[24]. Readily from the proof of the
necessity part of Theorem 1 the following result
follows.

Theorem 2: As for the position-dependent
circuit depicted in Fig.14, the input-output pair
{Au, q} satisfies the passivity if and only if 5
2<bhy [FAm(B)], provided that A>0 is large
enough satisfying (18) and (21) simultaneously
with a specified small a>0.

Theorem 3: If o>0 satisfies

B >acol,
and
B > aaCH, (38)
where Ay denotes the maximum eigenvalue of
{Ho+H(q)} for all g and C=ding (c4,..., cn), then
the input-output pair {u, y} of the closed-loop
system

{Ho+H(a)}d +{ H(a) + S(a. 4) + BYg+9(a)-

Z(da)0+AAg+py=u, (39)
satisfies the passivity, that is

[ yT(@u@dt = E(6) - E(0) +

[y Wa(@,4(] +Blly @I*3dr, (40)
where E(t)>0 and W (Aq, q) is positive definite
mn Aq and g, y=y(1).

The total energy E(t) in the above equation
can be described in details as follows:

E(Aq,q.A0)== ¢ Ho+H(Q)}g+5Aq ™ AAg+P(

®)-P(qe)Aq'q(da)+a 1 b;S; (Aqy) +
aST(AQ){H, + H(q)}q +5A07TAG,  (41)

where b; denotes the ith diagonal component of
B. After several maneuvering of the robot arm
the estimate @ of unknown parameters is
expected to converge to the true value @.
Therefore, if we assume that, at t=0, q(0)=qq,
q (0)=0, and A®(0)=0, then it is possible to
assert the H. turning in a sense of disturbance
attenuation concerning the system described by
(39).

Theorem 4: Under the initial conditional
mentioned above, a sufficient condition for the
closed-loop system of (39) with output

y[=q++as(Aq)] to establish the Hs-tuning for
any disturbance u, i.e.,

BJ, ly(@Il2dr < 2 [} llu()?dr,
is that y2<p.

(42)

CONCLUSIONS

1. In this paper, we have introduced a
framework of nonlinear position dependent
circuits as another language for describing
nonlinear  dynamics of mechanical and
advance mechatronic systems (for example,
such as agruimitural robots).

2. Instead of Fourier and Laplace transforms
that are used effectively in analyzing linear
lumped-parameter electric circuits, the concept
of passivity becomes fundamental and can be
used in effect as basic tool of characterizing
input-output  properties of such nonlinear
position-dependent circuits.

3. It is shown that the design problems of
controllers for nonlinear mechanical systems
(agricultural roots) become tractable on the
basis of such visible expressions via physical
circuits and their performance the input-output

passivity.
4. 1t is also shown that for mechanical
systems the H__-tuning problem in a of

disturbance attenuation can be interpreted as
another input-output characterization of the
energy preservation law.

5. In the case of the simplest PD controller
with off-line gravity compensation a necessary
and sufficient condition for the H__-tuning has
been presented, which is expressed in a simple
form without using any solutions to Riccati’s
equations and Hamilton-Jacobi-Issaacs as well.

6. There are many problems to be attacked on
the basis of development of a nonlinear
position-dependent circuit theory. 1) Analysis of
nonlinear circuits in cases that the system
(agricultural robot) has both rotational and
prismatic joints, 2) Analysis of agricultural
robot’s nonlinear circuits when the number of
actuators in less than the degree of freedom, 3)
Design of robot’s controllers via nonlinear
circuits for redundant robot’s or robotic systems
under constrains in general, 4) In particular,
design of controllers via developments of
coupled circuits for coordination of multiple
agricultural robot’s, 5) Analysis of couplings
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between mechanical motions and electric for
circuits through actuators, 6) How to cope with,
by nonlinear circuits, problems of a transition of
dynamics that causes a change of the degree of
freedom or that of constraints.
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Annoranus. HayuHo 060CHOBaHO BIHMsSHUE
TEXHOJIOTHYECKUX apaMeTpoB
AJIEKTPOKOHTAKTHON CBapKd Ha MPOYHOCTHBIE
CBOWMCTBA KJIEECBAPHOTO COCAMHEHUS CTallb-
yyryH. HMccnenoBanus mokazaid Ha TEXHHUKO-
SKOHOMHYECKYIO 1e1Iecoo0pa3HoCTh
peanu3anuu TaKoro COECIMHEHHS Pa3HOPOIHBIX
MaTepuajioB B TEXHOJOTHHU 33JCIKH TPEUMH
MpU BOCCTAHOBJIEHUM YYI'YHHBIX KOPITYCHBIX
JeTajIed CeIbCKOXO3IHCTBEHHON TEXHUKHU.

VYcTaHOBNIE€HO, TMPOYHOCTHBIE  CBOMCTBA
neraien COEIMHEHHBIX C IIOMOIIBIO
AJIEKTPOKOHTAKTHOW CBAapKh, B TOM YHUCIE H
KI€eCBApHBIX, 3aBUCUT OT MHOTHX (HaKTOPOB,
BKIIIOYAIOIIMX: TEXHOJOTUYECKUE IapaMeTphl
CBapOYHOrO IIUKJIA, COCTOSHUSI TOBEPXHOCTEU
COCMHACMBIX JIeTalle, COCTaBa M BS3KOCTH
KI€eBOW KOMITO3UIUH, (U3UKO-MEXaHUUECKUX
CBOICTB MOBEPXHOCTEH COCTUHSIEMBIX JCTAJICH,
BO3MOXXHOCTEH HCIOJIB3yeMOro 000pyIOBaHUS,
YeJI0BEUECKOTo (pakropa u APYyrux.

B nporecce MIPOBEICHUS
SKCIIEPUMEHTAJIHBIX ~ palOT  HUCCIEI0BAHO
BJIMSHUE TEXHOJIOTMUYECKUX TMapaMeTpoB Ha
MPOYHOCTh KIEECBAPHOIO COEIMHEHUS, KOTOpast
HE YCTyMaeT MPOYHOCTH OCHOBHOTO MeTasuia
Jerand  —  4yryHy. Takoe  coeauHeHHeE
TEXHOJIOTUYECKH BO3MOXKHO HCIIOJB30BATH MPU
3aJielike  TPEUMH B  KOPIYCHBIX  JIeTajsixX
CEIIbCKOXO3IMCTBEHHOU TEXHHUKH. Jlst
MOJIYy4CHUsI  CPABHHUTEIBHBIX  OOBEKTUBHBIX
pe3yabTaTOB, MPOBEACHO HMCIBITAHUE CBAPHOTO
u KJI€eCBapHOIo COCAMHEHUM c
OJIHOBPEMEHHBIM OIPECIICHUEM PaI[MOH aTbHON
CXeMBbl pa3MelIeHUsI CBAapOYHBIX TOYEK Ha
MOBEPXHOCTH JICTAIIH.

[IpoBeieHHBIE MEXaHUYECKUE MCIBITAHUS
MTO3BOJINIIH HCCIIeIOBATh MEXaHHU3M

paspyllleHuss COEIMHEHHs B Ipolecc ce
NPUIOKEHUS K HEMY CTaTUYECKOM 3arpys3Ku
IIpU  OAHOOCHOM pacTshkeHMH. Paspymienue
CBApOYHOM TOUYKM MPOUCXOJUT IO 30HE
TEPMHUYECKOTO BIIMSHUS.

HccnenoBanus mo3BONMIM YCTAHOBUTH, YTO

Ha  KauecTBO  KJIEECBAapHOTO  COCAMHEHUS
PeLMTENBHO BITUSICT JUINTEJIEHOCTh
IPOXOXKICHUS npoiecca (Hanpumep:

CBapOYHOIO M OT/KUIAIOLIETO UMITYJIbCOB TOKA U
cKaTHsl anekTponoB). Ilpu mamoMm 3HaYeHUH
HMITYJIbCa CBAPOYHOTO TOKaM (’KECTKUU PEKUM)
CBapka, B  pdAle  CIydaeB  3aTpy/AHEHa,
HEBO3MOXHO  C(OPMHUpOBATh  KaYECTBEHHOE
CBapHOE sIp0, HE UMEoLIee Je(PEeKTOB.

KuroueBbie cJI0BA: IPOYHOCTb,
KII€ECBAPHOE COEIUHEHUE, DJIEKTPOKOHTAKTHAs
CBapKa, BOCCTaHOBJICHUE, TEXHOJIOTUYECKUE
napameTpsl,  CBapo4yHas  TOYKa,  KieeBas
IIPOCIJIOKKA.

[NOCTAHOBKA ITPOBJIEMbI

[IpounocTHBIE CBOMCTBA neraiei
COC/IMHEHHBIX C MOMOIIBIO 3JIEKTPOKOHTAKTHOU
CBapKI/I, B TOM YHCJIC U KJIeeCBapHBIX, 3aBUCIAT
oT MHOTHX (hakTopoB, BKITIOYAIOIIUX:
TEXHOJOTMYECKHE  MapaMeTpbl  CBApOUYHOIO
IIUKJIa, COCTOSTHUSI TOBEPXHOCTEN COEIUHSIEMBIX
JeTajiel, cocTaBa M BSI3KOCTH  KIEEBOH
KOMITO3HUITUHU, (U3UKO-MEXaHUUYECKUX CBOWCTB
MMOBEPXHOCTEN COETIMHSIEMBIX neTaneu,
BO3MOKHOCTEH HCITOJIB3yeMOT0 00OpYyJIOBaHHUS,
4yenoBedeckoro (akropa W Apyrux. AHanmm3
nHTepaTypme NCTOYHHNKOB II0Ka3al, qTo
OTCYTCTBYIOT peajbHbIC€ JaHHBIE, OCOOCHHO,
MPUMEHUTEIBHO K KI€ECBAPHBIM COCAMHEHUEM.
Takoe coeMHEHNE TEXHOJOIMYSCKH BO3MOXKHO

122
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XAPAKTEPUCTUKU COEJVHEHWIA

HCHOJIB30BaTh  NOPU  3aJCJIKC TPEUMH B
KOPIYCHBIX JIETAISIX  CEJIBCKOXO35ICTBEHHOM
TEXHUKH.

AHAJIM3 TTOCJIEJJHUX UCCJIEJJOBAHNIA
Y TTYBJINK ALTAIA

K  ocoOeHHOCTSIM KOPIYCHBIX JeTayeu
CleIyeT OTHECTH WX MaCCHBHOCTB, CIIOXHOCTh
KOH(QUTYpallud W TEOMETPUU CTEHOK |
MEePEeMBIUCK, HAJIMYUE PE3KUX IEePEXOJ0B OT
TOHKAX K TOJICTBIM YacTAM CTE€HOK, CJIOXKHBIX
MPUBAJIOYHBIX MMOBEPXHOCTEH, TOYHO
CKOOPJIMHUPOBAHHBIX OTBEPCTHH, MACISTHBIX
KaHAIOB M pe3p0OBBIX oTBepcTuid. Hammume
MPOCTPAHCTBEHHBIX  TPEUMH MPUBOJUT K
U3MEHEHUIO TeOMETPUUYCCKIX pasMepoB,
HapYIIEHUIO COOCHOCTU MEXIY OTBEPCTHSMH U
MTOBPEXKICHUS MMOBEPXHOCTEH. Crenyer
ormetuTh, urto 8-10% [1, 2, 4, 7, 17] stux
JeTaneil BBIOPAKOBBIBAIOTCS, KaK CIIEJCTBHUE
HaJMYHS B HUX TPUBEJCHHBIX BBIIIE AS(PEKTOB.

[IpoGnemamM HCMOJIB30BaHUSI MaTepHAJIOB
pa3NUYHON TOJIMHBI, MPU COCAUHEHUU UX
KIEeCBApHBIM CIIOCOOOM W peau3aluyl pH
3aJIelIKe TPEIMH TIOCBSIICHO 3HAYUTEIHbHOE
KOJIMYEeCTBO Hay4dHbIX pabdot [1, 2, 4, 11, 13].
DIJIEKTPOKOHTAKTHYIO CBapKy, KaK OTMEYAIOT B
cBoux padorax: benser JI.A., Hpaiirop W.IL.,
bunokyp B.B., Kmtoes B.B., llaBeipun B.B.,
benoxyp W.IL., Opnos Bb.Jl., Ps3zanues B.A.,
I'ynse A.W., Tlonsuenko A.B., Jlsuskun B.IL
u ap. [1, 3, 5, 6, 8, 10], pauronaibHO BO3MOKHO
WCIIONIB30BaTh JUIS CBApKH  QIIOMHHUEBHIX,
TUTAHOBBIX, MardHueBhIX CIIaBOB u
HEP)KABCIOIMX CTale ©W TPUMEHSTh s
YCTPAHCHHUS TPEIIHH.

[NOCTAHOBKA 3ATIAUN

HccnenoBare BIMSHHUE TEXHOJIOTMYECKUX
apaMeTpoB  Ipolecca  3aJelKd  TPEUWH
KJIEEeCBApKOM Ha TMPOYHOCTHBIE CBOMCTBA
00pa3oBaHUs COCIMHEHUS, UCIOIB3YEMOTO TTPH
YCTpaHEHHH TPEUMH B YYIYHHBIX KOPITYCHBIX
JIETAJISIX CEeNIbCKOXO3SICTBEHHON TEXHUKH.

N3JI0O2KEHUE OCHOBHOI'O MATEPUAJIA

Hns

00BEKTUBHBIX

MOJIy4EHUS
pe3ynbTaToB,

CPABHUTEIIBHBIX
IIPOBOIUIN

UCIBITAHUE  CBAPHOIO M KJIEECBAPHOIO
COEIMHEHUH ¢ OJJHOBPEMEHHBIM OIPENEICHUEM
palOHAIBHON CXEMbI pa3MEIleHUs CBApOYHbIX
TOUYEK HA TOBEPXHOCTHU JETAIIN.

AHanu3 TUTEpaTypHBIX HCTOUHUKOB [3, 5, 6]
MOoKa3al, 4YTO JUIsl M3Y4EHHUS HalpsHKEHHOIO
MIOBEPXHOCTHOIO IIOJII, IPH CPaBHUTEIBHO
MajlblX 30HaX KOHLEHTPAalUU HaNpsUKEHUM
(30Ha TEPMHMUECKOTO BIJIMSHUA OT JEHCTBUSA
CBApOYHOTO HMMIIYJIbca TOKa) 3(PPEKTUBHBIM
€CTb IPUMEHEHUE TOHKUX XPYINKUX MOKPHITHUI
[6, 14, 18, 19].

Kaptunsl  pa3smemieHuss  TpeuMH B
TTOKPBITHH, KOTOpble  BO3HHMKAIOT IO
JNEMCTBUEM Ha COECIMHEHHME pPaCTITMBAIOLIETO

YCUJIHSI, TIO3BOJISIFOT BU3YalbHO YCTAHOBUTH
TPACKTOPU U TJIaBHBIX HaIPsHKCHH I
(medopmaruii). dopma TPEIMH, ux
pa3MenieHme XapakTepu3yeT MEXaHU3M

pacrpesieNieHusl HalpshKeHUH Ha MOBEPXHOCTH
UCCIIElyeMOTO OOBEKTa.

KaugectBo CBAPOYHOU TOYKH pu
JJIEKTPOKOHTAKTHOM CBapke B KIE€ECBapHBIX
COCMHEHMSX 3aBUCUT OT MHOTMX (DaKkTOpoB,
BKJIIOYAIONIMX: MapaMeTpbl CBAPOYHOIO LIMKIA,

COCTOSIHUS MOBEPXHOCTEHN COEIMHSAEMBIX
JeTajed, CcocTaBa  KIEEBOM  KOMIIO3HMIUH,
(DM3UKO-MEXaHUYECKUX  CBOMCTB  JIETaJIeH,

BO3MOYKHOCTEH HCITOIB3yeMOT0 00OpYyJIOBaHHUS,
YelnoBedYeckoro ¢akropa W Apyrux. BrusmHue
3TUX (AKTOPOB MHOTOCTOPOHHEE.

B pe3ynbrare MPOBEACHHBIX
OKCIICPUMCHTAJIBHBIX I/ICC.He,Z[OBaHI/Iﬁ 6]:1)10
YCTaHOBJICHO, 4TO B KaXKJIOM us3
PacCMOTPEHHBIX CIIy4aes, MEXaHHU3M
pacnpeneneHus HaNpsOKEHU U HOCHUT
Pa3HOOOpa3HbBIN Xapakrep.

B cBsi3u ¢ 3TUM, IPOBEACHBI UCCIEIOBAHUS
BIIUSIHUS KaXJOro IapaMeTpa Ha KayecTBO
coeAMHeHus o metoay [ayca-3eitaens.

B  kxadectBE OCHOBHBIX  HCCIEIyEMBIX
BBIXOJHBIX (axropos CHUCTEMBI ObLIH
WCIOJB30BAHbl: JUAaMETP CBAPHOIO JIMTOTO
sapa, ¥ BEJIMYMHA 30HBI TEPMHYECKOTO
BJIUSIHUS, SIBJIAIOLIECS Hauboiee
3(bpeKTUBHBIMU TOKA3aTEIIIMA Ka4eCTBa TaKOTO
pOJa COEIMHEHU M.

[Ipu YBEITUYEHUN yCuIIust cKaTust
3JIEKTPOJIOB  MPOYHOCTHBIE  XapaKTEPUCTUKHU
KJICECBAPKU BO3PACTAIOT U TPHU JTOCTHKEHUU
3HaueHUH Poy.= 2,1...2,4 xH — HaunmHaIOT pe3ko
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CEPT'EMl KAPABMHEILLL, AJIEKCEU KOPHUEHKO

YMEHBIIAIOTCS. JTO CBSI3aHO C TEM, 4YTO
JaBJICHUE B 30HE KOHTAKTa BHIIIE MaKCUMAaJbHO
JOMMYCTUMOTO  MPHUBOAUT K 3HAYUTEIHHOU
TJTaCTUIECKON nedopmanuu MeTasia
CBApOYHOI TOYKH, €€ OXpPYNUMBAHUIO U, B
KOHCYHOM UTOTE, K  pa3ylpOYHCHHIO
coequHeHHWs. Ha OCHOBaHWHM TOJYYEHHBIX
pE3yNIbTaTOB UCCIIeIOBAaHUM MTOCTPOCHBI
rpadukm, UJUTIOCTPUPYIOLIE BJIMSTHUE

CBApO4YHOI0, OTXHUIAOMCTO TOKOB W YCUIIHUA
CIKaTu4d JJICKTPOJ0OB HAa MPOYHOCTHBIC CBOMCTBaA
KIICCCBApPHOIro COCAMHCHHU .

HCCJ’ICI{OB&HI/IH ITO3BOJINJIM YCTAHOBHUTDL, YTO

Ha Ka4€CTBO KJICCCBApHOIo COCANHCHUA
pPEOMTEIBHO BJIUSACT JIIUTCIBbHOCTD
MPOXOXKACHU A Imponecca (HaHpI/IMepZ

CBApOYHOTO U OTKUTAIOIIETO UMITYJILCOB TOKA U
cxKaTusl 2JIeKTponoB). llpm mamom 3HadYeHUH
MMITyJIbCa CBAPOYHOTO TOKaM (KECTKUH PEXKUM)
CBapka, B psjAe clydaeB 3aTpydHEeHa. OTO
CBSI3aHO C TE€M, YTO KOHTAaKT B 30HE CBApKU HE
ycreBaeT  CTaOMIM3UPOBATBCSI, a  KieeBas
MPOCJIONKA BBIJABIMBACTCS HE TMOJHOCTHIO U3
STOM 30HBI.

OcraTku Wied 4YacTUYHO CrOpalT W
3arps3HSAIOT METAUT JIMTOTO SIpa CBAPOYHOM
Toukd. JKecTKuil uMMYyJIbC CBapOYHOIO TOKa
HEJIOCTAaTOYeH JJIsl IPOrpeBa TOHKOW JeTand, a
30Ha pacIUIaBJIEHHOTO MeTajlla CMEIaeTrcs B
MacCHBHYIO J€Tajb, 4YTO COMPOBOXIAETCS
HEMpOBapoM W 00pa30BaHUEM B IJIUTOM SApE
TOPSTIUX TPEIMH, Ppa3sMeAIOIIXCS
MEepPHEHANKYIISIPHO 30HE COSAMHEHUS.

[Monydennsie Qyaknuun  (puc. 1) HOCAT
nmapaboIuYeCKu i XapakTep u UMEIOT
BBIPAKEHHBIA JKCTPEMYM, YCTaHABJIMBAIOLMN
YCIIOBUSI HAXOXJEHHUsI o0JjacTeil ompenesieHus

IIapaMeTpoB  TEXHOJIOTMYECKOr0  IIpolecca,
OJM3KUX ONTUMYMY (YHKIIHI.
MaremaTnyeckuii aHanu3, IMPUBEICHHBIX

Bblle (DYHKUMI, TO3BOJUI YCTaHOBUTH, UTO

MAaKCHUMaJIbHbIE 3HAYECHUS MIPOYHOCTH
COCUHEHUS ONPEHCISIIOTCS MPU  3HAYEHMSX
aprymeTa le,= 9,5 KA, lom. = 8,0 KA,
P.ye=2,3 xH.

JnmuTenbHOCTh CKaTUsA 3JIEKTPOJIOB

OKa3bIBACT BO3JCHCTBUE B HAYAJILHBIE MOMEHTBI
(opMHPOBaHUS COETUHEHUSL.

UccnenoBanue BJIMSIHUSA nmapameTpa
MoKa3ajld, YTO ODKCTPEMyM JIOCTUTaeTcs IpH
3HAYEHHUSIX 0,72...0,76 C. [IpounocTh

coelMHEeHHUs Ipu 3ToM paBHa 151...155 MIla.
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Puc. 1. Bnusnue CBapOYHOIO,
OTXKUTAIOIIETO TOKA M YCHUJIMS  CXKaTHs
3JIEKTPOAOB  HA  MPOYHOCTb  COEIAUHEHUS:

1 — cBapouHblil TOK, 2 — OTXKUTAIOIMIl TOK,
3 - YCUIIUEC CKATHUA IJICKTPOJ0B

Fig. 1. Influence of the welding, annealing
current, compression electrode and force on the
strength of: 1 — duration of welding pulse,
2 — duration of annealing pulse, 3 — duration of
compression of electrodes

[lpy MemneHHO HapaCTAIOMEM HWMITYIbCE
CBApOYHOTO  TOKa,  KiIeeBas  MPOCIIOHKa
BBIJIABJIMBAETCS  Oojee TOJHO 32  CYeT
JOCTATOYHOTO TIOJOTPEBAa W YMCHBINCHHS €€
BS3KOCTH, A  KOHTakT  CTaOHIIM3HUPYETCS.
[IpounocTs  coeqWHEHUs]  JOCTHTAeT  MpH
3gayenusx 7,5...8,0 KA H®  cocTaBiseT
141...148 MIla.

3HaueHUE MPOJOKUTEILHOCTH HMITYIIbCA
cBapouHoro Toka paBHoe 0,24...0,32 c, maer

BO3MOXHOCTh 00pa3oBaTh MPOYHOCTH
coenuHeHue Ha ypoBHe 138...150 MlIla.
I[J'II/ITGJ'ILHOCTI) OTXUTAKIICTO HUMITYJIbCa
OKa3pIBacT  MCHBIIEE  BO3ICHCTBHE  Ha
IPOYHOCTHBIC IIOKa3aTcin COCANHCHUA:
OKCTPEMYM  JIOCTHTAeTCS TIPH  3HAYCHHUSAX

0,42...0,42 c, mpu 5TOM NPOYHOCTb COSTUHEHUS
paBHa 147...153 MI]a.

Pe3ynpTaThl MEXaHMYECKUX HMCHBITAHUNU MO
ONpEICIICHUTO BIIUSIHUS BPEMEHHBIX
WHTEPBAJIOB Ha MPOYHOCTh COCAUHEHUS HAIUIUA

124



BJIMAHUE TEXHOJIOTMHYECKUX ITAPAMETPOB TIPOLIECCA HA ITPOYHOCTHBIE
XAPAKTEPUCTUKU COEJVHEHWIA

cBOE BBIpOKCHHE B
3aBUCHUMOCTSX, puUC. 2.

rpagu4ecKux
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P
bl

i
0

0 004 0.06 012016020024 0.28 030036 0.40 tec

0.26 0.300.34 0.38 042 046 0.500.540.58 0.62 0.66 tom.c

0,44 0,48 0,52 0,56 0,60 0.64 0,68 0,72 0,76 0,80 0,84 feoce

Puc. 2. BausHue npomoIKUTENbHOCTH
HMITYyJIbCa CBAPOYHOIO W OTXKUIAaroImEro TOKOB,
a TAKKE CXKaTusg OJBJICKTPOJAOB Ha IMPOYHOCTH
COCANHCHUA. 1 - JJIUTCIIBHOCTh CBApPOYHOIO
HUMITYJIbCa, 2 - JUJINTCIIBHOCTh OTXKKHUTAKOIICTO
HUMITYJIbCA, NJIUTCIBHOCTD CKAaTUS 3JICKTPOAOB

Fig. 2. Effect of the pulse welding and
annealing and the compression electrodes on the
strength of the connection, 1 — duration of
welding pulse, 2 — is duration of annealing
pulse, duration of compression of electrodes

Ha OCHOBAHHUHA HpOBeIIeHHI)IX nu
TEOPETUYCCKUX HCCIIEIOBAHUI BIIMSHUS
MapaMeTpoB DJEKTPOKOHTAKTHOW CBapkd Ha
KaueCcTBO hopMUpOBaHUS KII€eCBapHOTO
COCTMHEHHS ObLJ YCTAaHOBJICH MX ONTUMAJIbHBIN
ypOBeHb. YCTaHOBJICHO, BCIIMUYHNHBI HapaMeTpOB
Ha 9TOM PEKUME OIPEICIICHbl 3HAYCHHSMH:
lee.= 9,5 KA, 1,,,.=8,0 KA, Peoe. =2,3 KH, toe.=
0,24 c., t,,.=0,43 c. t.. = 0,73 c. Peanuzanus
JTAHHBIX TEXHOJOTHYCCKUX PEKUMOB ITO3BOJIIET

dopMHpOBaTh KJIEECBAPHOE COCIMHEHUE C
MHWHHUMAJIBbHBIM BBITOpAHUEM KJICEBOM
IIPOCJIOMKH.

HOBpe)KI[eHI/ISI KJICCBOT'O IIBA IMPpH TCIIJIOBOM

BO3/1€HCTBUHU pacIaBIeHHOTO MeTasa
MPOUCXOJUT TOJNBKO B 30HE TEPMHYECKOTO
BITUSTHUSL.

[IpoBeneHHbIE MEXaHMYECKHE HWCIBITAHUS
TTO3BOJIAITH M CCIIEIOBATh MEXaHU3M
paspylieHUusT COCAMHEHHWS B  TPOIECC ce
NPUIOXKEHUS K HEMY CTaTHYEeCKOW 3arpy3Ku
NPy OJHOOCHOM pacTshkeHWH. PaspymeHue
CBApOYHOM TOYKM MPOMCXOJAUT IO 30HE
TEPMUYECKOTO BIIMSAHUSA, pUC. 3.

Pnc 3. Xapaxrep paspylleHUs CBapOYHOU

TOYKHN
Fig. 3. The nature of the destruction of the
welding point

Jlost YCTaHOBJICHHSI Ka4eCTBEHHBIX
npeoOpa3oBaHMUl, KOTOPbIE TMPOHCXOIAT C
METaJUIOM B 30BE€ CBapKd, IPOBOAWINCH
MeTaJuiorpapuuecKie MCCIIC/IOBAHUS

MHUKPOCTPYKTYPbI CBapOYHOI TOUKH.

Ha Heo0XommMOCTh MPOBEACHNUS YKa3aHHBIX
MeTauIorpaduyecKux UCClIeI0BaHU N
oOyciioBlieHa TeM, 4YTO pabouyue CcBoOlCTBa
KJICECBAPHOTO COCTMHEHHS OIPENEIIIOTCS He
TOJBKO €ro TMPOYHOCTBIO M  OTCYTCTBHEM
nedexToB, a TarKe HANpPsHKEHHBIM COCTOSHUEM

30Hbl COCIMHEHUS, MEXaHW3MOM BIIMSHUS
KJI€eBOI MpOC/IOiky Ha (GOPMUPOBAHUS JTUTOTO
Sapa,  CONPOTUBIISIEMOCTHIO  JIMHAMHYECKUM

Harpy3kam H T.JI. YCTaHOBJICHHUE 3THUX CBOWCTB
HEMOCPEICTBEHHO AKCIIEPUMEHTAIBHBIM ITyTEM
COIPSDKEHO € OMPEACACHHBIMU TPYAHOCTSIMH, a
MHKPOCTPYKTYPHbBIE UCCIICIOBAHUS
o0ecrieunBarOT, TpPH  ITOM,  JOCTATOYHO
aJICKBaTHOE MX TIPOTHO3UPOBAHHE.
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OnpeneneHHbie BO BpeMs
AKCIEPUMEHTAIIbHBIX HCCICIOBAaHU U
napaMeTpbl pekuMa 00ecCreyuBaloT MPOYHOCTh
coenuuernud 154...167 MIla.

AHanu3 pe3yabTaToB MeTauIorpaguyecKux
HCCIIEIOBAaHUM CBApHOTO COCIUHEHUS CTallb-
YyIryH, NPUBENECHHBIX B padortax [19, 20]
YKa3bIBAET, YTO B 30HE COCAUHCHUS 00pa3yrOTCs
MaJIONJIaCTHYHEIE, XPYIKHE CTPYKTYDBHI,
HMEIOIIME BBICOKYIO TBEPJIOCTh. B ouare cBapku
pacag OTOCJIEHHBIX JJEMEHTOB U3 KHIKOM
(a3pl TBEPIOTO pacTBOpa HE MPOUCXOUT.

30Ha CIJIABJICHHWS TPEACTABISAET COOOM
Oemblif YyryH M UMEET ACHIPUTHYIO CTPYKTYDPY,
B HEll ONpeenstoTcs: 1eeKThl: PhIXJIOThI, TOPHI
u ropsuie  TpeumHbl.  Mcnonb3oBaHue
MHOTOMMITYJIbCHOM CBapKu CIIOCOOCTBYET UX
YCTpaHEHHI0O W KAYeCTBEHHO  YIy4IUTh
CTPYKTYpy CBapHOrO siapa U ero (pu3uko-
MEXaHUYECKME CBONCTBA.

Kak ycTaHOBI€HO 3KCHEPUMEHTAIbHBIM
MyTeM, IIPH JIEKTPOKOHTAKTHOW CBAapKe CTaJH C
gyryHoM I y3HOHHBIC TIPEBPAILICHUS] B 30HE
CIUIaBJICHHUSI HE YCHEBAIOT 3aBEPIMTHCS B
IIOJTHOM  cTemeHu. belcTpblii  HArpeB H
nedopmarus pazorpeToro MeTalia
CIOCOOCTBYIOT MUTPAIIMH YIJIEPOIa U3 YyryHa B
CTIbHYIO TJACTUHY U3 MaJOYIIEpOaUCTON
CTAIM W HACHIIQAIOT UM OJU3IekKalme K odary
CBapKH 30HBI.

[IpakTyecku MrHOBEHHOE OXJIAXKICHUE Ha
OTKPBITOM BO3JyXe HarpeThiX BHIIE Az Macc

MeTaia CrocoOCTBYeT 00pazoBaHUIO
3aKaJOYHBIX CTPYKTYp — MAapTEHCHUTa, a B
pesyinbTaTe  IOJHOTO  pacmajga  TBEPAOro
pactBopa — wnemeHTHTa. CTanpHas Haklalka
ABIISICTCS. CUIIBHO JieopMupoBaHHOM. [Ipu aTOM
IIPOUCXOIUT YIPOYHEHHE  MeTaula, B
pe3ynbTare (310019111754 UCKaKEHU I

KPUCTAJIMYECKOW CHUCTEMBI, HAaXOIALICKHCS B
HEYCTOMYMBOM COCTOSIHUH.

[ToBTOpHBII HarpeB (oTxUTarOIM i
UMITYJIBC)  CIIOCOOCTBYEeT  Oosiee  MOJHOMY
3aBEPILICHUIO CTPYKTYPHBIX MPEBPAILCHUN U
00pa3oBaHUI0 MPOMEXYTOUHBIX (pa3 pacmanga
TBEpJOro  pactBopa ¢  (OpMUPOBAHUEM
TPOOCTHUTA U OCIHUTA C MEHbILIEH TBEPAOCTHIO U
XPYIKOCTBIO.

TBepaocTh 30HBI COEIMHEHUS 3HAYUTEIBHO

YMEHBIIAETCS npu UCIIOJIb30BAHUU
JIBOUMITYIILCHOM CBApKH, 0 yeMm
CBUJCTEIBCTBYIOT H3MepeHus. B mnepBom

ciydae  (OIMH HUMIYJIbC) MHKPOTBEPIOCTH
CBApHOIO aapa COCTaBJIsUIA 5113,6...
7554,3 Mlla, a BO BTOpOM (JIBa UMMYJIbca) —
3047,1...4564,3 MlIla. Dto cmocobOcTBYyeT
CHUIKEHUIO HAMPsDKEHHOTO COCTOSIHHSI MeTasuia
JUTOTO siipa M OJM3IIEKANMX yIaCTKOB, YTO B
3HAYUTENbHON CTETEHH MOBBIIAET HAJEKHOCTh
COCMHEHUs] TPU BOCCTAHOBJIICHHH YYTYHHBIX
neTajen.

Hcnonp3oBanne  KIE€EBOM  MPOCIIOMKH,
YMEHBIIIAET TPAAUCHT TEMIEPaTyp B YCIOBHSIX
OXJT@XACHUSA. BpICOKME 1O CpaBHEHHIO CO
CBAapHBIM COCIUHEHHEM 3HAYEHUS CBAPOUYHOIO
TOKa, 00ecIeYnBaoT Ooiee IMOJIHOE
MPOXOXKJICHUE CTPYKTYPHBIX TPEOOpa3oBaHMIA,
JUINTETTbHOCTH HarpeBa u Ooiiee TMOJHOE
pacmpeselieHne Teria Mo MOBEPXHOCTH JETallu
C KIeeBBIM MOKpBHITHEM. OXJIaXJICHHUE JINTOTO
sSapa TMPOXOAUT MeIJeHHee, TaK KaKk dYacThb
TEIJIa, BBIJACITUBINETOCS IPU CBApKE, MOTIIOIACT
KieeBast MPOCIIONKa, a TENJ00TAa4Ya
3aMeJISETCS.

Puc. 4. MukpocTpykTypa CBapOYHOM TOYKH,
a — OIUH UMIIVIIBC, O — IBa UMITYIIBCA (OTHKHUT)

Fig. 4. The microstructure of the welding
point, the a — single pulse, b — two pulses
(annealing)
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[lpoucxonut rpaduTH3anus B TBEPIOM
MeTajule 3a CuYeT YacTHMYHOIO  pacraza
nemeHTuTa. C  HMCHNOJB30BAaHUEM  BTOPOIO

UMITyJIbCa TETJIOBBIIETICHHE B CBapUBaEMBIX
ACTAIAX YBCIIMYUBACTCA, YTO COIMPOBOXKIACTCA
rpaBUTAIMECH, CONYTCTBYIOIIEH pacnagy
[EMEHTUTA [0/ BJIMSHHEM TEMIIEPaTypbl OT
BTOPUYHOIO HarpeBa. MeTtamiorpaguueckue
M CCIIeIOBAaHU S TO3BOJIMIIM YCTAHOBUTD, UTO MPU
KJIeecBapKke OTCYTCTBYIOT OTOEJICHHBIC
CTPYKTYpPBI, IIOCJIE€ TPOXOXKIAECHUSA BTOPOTO
(OTXKUTAIOIIETO) UMIYJIbCAa TOKA, CM. PHC. 4.

B 10 ke BpeMs, IIpHU HUCIIOJIb30BaAHUU
OJTHOMMITYJIbCHOM CBapkd B siApe HaOIromanu
HaJIMyue IIEMEHTUTA B MEPEXOTHON 00IacTH OT

CTaJI K YyI'yHY.

BBIBO/IbI
1. Hcnons3yemast B KJI€ECBApHOM
COCIMHEHUH KJIeeBasl MPOCIIOiika CIOCOOCTBYET
pasrpyske Harpy3Ku B COCIIMHEHUH,

BOCIIPUHUMAS €€ YacCTh.

2. CBapoyHble TOYKA  YBEIUYUBAIOT
MPOYHOCTh COEJUHEHHUS 3a CYET YCTaHOBKHU
KECTKUX CBSI3EH M CITOCOOCTBYIOT 00pa30BAHUIO
YCIIOBUM YMEHBILICHU S HEPaBHOMEPHOTO
OTpHIBA.

3. Ilpu coBMecTHOU peanu3aiu CBapHBIX
TOYEK M KJICEBOW IIPOCIIONKHA 3HAYUTEIBLHO
YAY4IIAr0TCS noka3areiau HaJICKHOCTH
KJI€eCBapHOTO COETMHEHHUS yTeM
PAaBHOMEPHOIO paclpeesieHuss HalpsHKeHU U Ha
€ro MOBEPXHOCTH.

4.  YCTaHOBIIEHO, YTO  yBEIUYCHHE
BEJIMYMHBI CBAPOYHOIO TOKA TMPUBOAM K
YBEIMYCHUIO TIPOYHOCTH B COCAMHEHHUH JI0
ompexaeneHHoro momenta 11,8 kA, a 3arem
pE3K0 €€ YMEHBLIAET 3a CYET YBEJIUYECHUs
BBITOPaHUS KIEEBON MPOCIONKH.

5. Ucnonb3oBaHKe OT)KUTAIOIIETO MMITYIIBCA
TOKAa TIO3BOJISIET U30€KaTh BO3HUKHOBEHMUS
orOena B CBapOYHONW TOYKE M TEM CaMbIM

HOBBICUTH  HAIEKHOCTH  BOCCTAHOBJIEHHBIX
IeTajien.
6. VYcTaHOBJIIGHO BJHMSHHUS TIapaMETPOB

CBapOYHOr0 LMKIIA HAa IPOYHOCTh KIEECBAPHOTO
COEIUHEHNUS U HAACKHOCThL BOCCTAHOBIIEHHBIX
YYTYHHBIX KOPITYCHBIX JIETaJICH.
1. Ha OCHOBAHUU
AKCIIEPUMEHTAIBHBIX

pEe3yJIbTaTOB
HUCClIeJOBaHU M

OmpeneseHbl apaMeTpbl peXruMa CBAPKU, MpHU
peanmauI/H/I KOTOprX HpO‘IHOCTB COCINHCHUS
coctaBiasger 164...178 MIla, uYro MeHBIIE
NPOYHOCTH YYTyHa, Marepuajga M3 KOTOPOTro
HU3rOTOBJIECHA neTaib u HEOOXO MBI
JOMOJIHUTEILHBIC AKCIIEPUMEHTAIIbHBIC
HUCCACA0BAHUS 10 ONTHMH3AIUHN X 3HAUCHUH.
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EFFECT OF PROCESS PARAMETERS
ON STRENGTH CHARACTERISTICS
OF COMPOUNDS

Summary. Scientifically proved influence of
process parameters on the electric-welding
strength  properties  glue-welding  steel-iron

compounds. Studies have shown in the technical
and economic feasibility of such a connection of
dissimilar ~ materials  in  repairing  cracks
technologies for the restoration of cast iron
housing parts of agricultural machinery.
Established strength properties parts connected
by electric-welding, including  glue-welding
depends on many factors including: the
technological parameters of the welding cycle,
the state of surfaces of the parts, the
composition and viscosity of the adhesive
composition, physical and mechanical
properties of the surfaces of the parts, features
used hardware, human factors and others.

In the course of experimental work the influence
of process parameters on glue-welding bond
strength, which is not inferior to the strength of
the base metal part - cast iron. This connection
technology may be used in repairing cracks in
the body parts of agricultural machinery. For
comparative objective results, carried out a test
weld and glue-welding connections to the
simultaneous determination of a rational scheme
of placement of welding points on the work
piece surface.

Mechanical testing allowed to explore the
mechanism of destruction of the compound in
the process of se annex static loading under
unaxial tension. The destruction of the welding
point occurs on the heat-affected zone.

Key words: strength, glue- welding connection,
electric-welded, restoration, technological
parameters, the welding point, the adhesive
layer.
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AHHOTaNMSA. N3znoxensl
aHamusa pa3BUTHUA UHTETPAIBHON
KOHCTPYKTHBHO-KOMIIOHOBOYHOI CXEMBI
JHEProCpesCTB CEJIBCKOXO351ICTBEHHOTI'O
Ha3HAuYEHUS.

KOHCTpYKTHBHO-KOMIIOHOBOYHAs cxema
TpakTopa — OTHOCUTEIBHOE  pa3MELICHUE
OCHOBHBIX arperaToB u pabouero
00OpylOBaHUsl TPAaKTOpa, COOTBETCTBYIOLICH
ero  (yHKIMOHAJIBHOMY  Ha3HAUYeHUI0 U
M03BOJISIET U CII0JIb30BATh TPaKTop C
Hanbobime >¢phekTnBHOCTEI0. C TOSBICHHEM
M3C MHTETPAIBHON KOHCTPYKTHBHO-
KOMIIOHOBOYHOM  CXeMbl ~ OOHaXMWIHChb U
npobsemMbl  ee UCHob30BaHUs. OCHOBHBIMU
CpeIy HUX CTaJIU: JOCTaTOYHO OrpaHUYECHHBIN
KOMILJIEKC MalliH 51 opyaui,
HEY/IOBJIETBOPUTEIIbHBIE, BO MHOTHMX CIydasX,
YCIIOBUSI arperaTUpOBAHUS C YK€ MMEIOLMMCS
U XOpOLIO 3apeKOMEHJOBaBUIMMHU cedsi B
arperareé  Cc  JHEProcpeicTBaMU  APYIUxX
KOHCTPYKIUI, MallMHAMU U OPYIUSMHU.

B pesynbrare npoBeIeHHBIX HCCIEA0BAHUN
YCTaHOBJIEHO, YTO C IeJbl0 OOecreyeHus
TpeOOBaHUIM  MOTPEOUTENS  HMHTETPAIbHYIO
KOHCTPYKTHBHO-KOMIIOHOBOYHYIO cXeMy
HHEPTrOCPENICTB 11eJIeCO00Pa3HO pealn30BbIBATH
C COOJIIOJICHUEM €€ OCHOBHBIX IPU3HAKOB H
pasnIu4MsAMU, KOTOpble KOHIICHTPUPYIOTCA B
TpEX BapHaHTaX CXEMHBIX PELIEHUH, a UMEHHO:
MUXK1y0a30Bo€ (LIEHTPAJIbHOE PACIOJIOKEHUE
[I0CTa YIpPAaBJIEHUs), HE PEBEPCUBHBINA IOCT
yIIpaBJICHUS, HE PEBEPCUBHAs TPaHCMHCCHS,
IIEpECTaBHOM PEBEPCUBHBIN ITOCT YIPaBJICHUS,
«CHUMMETpUYHAas» UHTErpanbHas KOMIIOHOBKa C
PEBEPCUBHBIM  HE  IIE€PECTAaBHBIM  I1OCTOM
yIpaBJICHUS.

pE3YyIIbTaThI

KiroueBbie cjoBa: MOOUIIEHOE
OHCPIreTUYCCKOC CpCACTBO, KOMIIOHOBKa,
HUHTCIpajlbHasa KOMITIOHOBKa, KOHCTPYKII U,
pa3BUTHC.

I[TOCTAHOBKA ITPOBJIEMbI

D PheKTHBHOCTH U CITOJIb30BAHUS
MOOMJIBHOTO 3HepreTuyeckoro cpencrsa (MIC)
B COCTaBE arperata U 00beM TEXHOJIOTUYECKUX
onepalii MM BBINOJHAEMbBIA  ONPEIETSIOT
ce0ecTOUMOCTh KOHEYHOMH MPOIYKIIUU
CEJIbCKOIO X035 CTBA.

B mocnennee BpeMst TpaKTOPOCTPOUTETBHBIC
IpeanpusTUs CYILIECTBEHHO pacimpuiIu
HOMEHKJIATYypy CBOEH MPOIYKIIUHU, BKIIOYAs U
BBIITYCK MAaIlMH Pa3IUIHBIX KOHCTPYKTHBHO-
KOMIIOHOBOYHBIX CXeM (KOMIIOHOBOK) [1],
obecrnieunBas OpMUPOBAHUE TIAPKOB XO3SHCTB
[2] u mnopoxnmas mpoGiembl 3PPESKTUBHOTO
WCIIONB30BAHUSL JHEPrOCPEACTB B XO3siCTBaX
MaJibIX pa3Mepos [3].

OTO BHECIO U3MEHEHHS B LIEHOBYIO
MOJUTHKY MPEINPUSATHII U HE BCEraa HMEIo
MOJIOKUTEIIFHOE BIUSHUE Ha CE0ECTOMMOCTH
KOHEYHOM MPOAYKIIUM CEIBCKOTO XO3SICTBA.

Ilpy  TakMX  YCHOBUSAX  aKTyaJIbHBIMU
SBJIIIOTCS ~ BOIPOCHI,  HallpaBJIEHHbIE  Ha
U3y4yeHue HalpaBJIEHUH pa3BUTHUSA

KOHCTPYKTMBHO-KOMIIOHOBOUHBIX cxeM MOC
[4,5, 6].

AHAJIN3 TIOCJIEJHUX UCCIEJOBAHUN

U ITYBJIMKALIMN
KoHCTpyKTHUBHO-KOMIIOHOBOYHAs cxema
TPakTOpa — OTHOCUTEIIBHOE  pa3MEIIeHUe
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OCHOBHBIX arperaTtoB u pabouero
00OpyZIOBaHUSI TPAaKTOpa, COOTBETCTBYIOLICH
ero  (QyHKIMOHAJIBHOMY  Ha3HAuUeHUI0 U
IIO3BOJISIET MCII0JIB30BATh TPaKTOP C
HanOoubiel 3PPeKTHBHOCTHIO [7].

C nossinenuem MOC  uHTErpajbHOU
KOHCTPYKTMBHO-KOMIIOHOBOYHOM CXEMBI
OOHAXHUITUCH U TTPOOJIEMBI €€ UCITOJIb30BAHUSI.

OCHOBHBIMHU CpeIY HUX CTaJIU: IOCTaTOYHO
OrPaHUYECHHBIM KOMILIEKC MallMH U OpYIUH,
HEYJOBJIETBOPUTENIbHBIE, BO MHOTHX CIIy4asX,
YCJIOBUSI arperaTMpOBaHUs C YXKE HMEIIMMCsS
M XOpOIIO 3apeKOMEHJOBABIIMMHU ce0s B
arperateé ¢  JHEProcpeicTBaMU  JPYIux
KOHCTPYKIUI, MallMHAMH U OPYIUSIMHU.

B CBsI3U c 3TUM y4EHbIE 51
MalMHOCTPOUTENbHAS MPOMBIIIIEHHOCTh
KOHLIEHTPUPOBAJIM CBOM YCHJIMSI Ha pa3paboTKe
MalMH U opyauil uis arperatupoBanusi ¢ MOC
UHTErpaIbHON KOMITOHOBKH u Ha
COBEPILICHCTBOBAHUH YCIIOBUI
arperaTupoBaHus, KOTOPbIE MHOTAA CBOJIUJINCH
U K COBEPILEHCTBOBAHUIO OOIIEH KOMIIOHOBKH
9HEProCpesICTBA.

Takum  00pa3oM, MOXHO  BBIJCIHUTH
CJIEAyIOLE€ OCHOBHBIE HAINpaBJICHUS pelCHUs
Ha3BaHHBIX MPO0JIEM, a UMEHHO!

- YCOBEPIIIEHCTBOBAHHE o01mei
KOHCTpYKIuU 3Heprocpeacts [8, 9, 10, 11, 12,
13, 14, 15, 16],

- YCOBEpIICHCTBOBAaHHE W  pa3paboTKa

MaIlMH ¥ Opyauil s arperatupoBanus ¢ MOC
[5, 9, 17],

- yIydllleHWE YCJIOBUW arperaTupOBaHUS
MyTEM YCOBEPILICHCTBOBAHUS HMEIOUMXCS U
pa3paboTku HOBBIX YCTPOMCTB IE
obOecrieueHusl yIOBJICTBOPUTENBHBIX YCIOBUH
arperatupoBanus [18, 19, 20, 21].

OnHako pe3yabTaThl ATHX padOT HE UMEIOT
KOHKpPETHBIX MIPOTHO30B pa3BUTHS
HHEProCPE/ICTB KIACCHYECKOW KOHCTPYKTHBHO-
KOMITOHOBOYHOM CXEMBI.

[NOCTAHOBKA 3ATIAYN

OmnpenenuTs COCTOSHUE U HampaBJICHUS
pa3BUTUSL  HMHTETrpaJIbHOM KOHCTPYKTHUBHO-
KOMITOHOBOYHOU cxeMbl MDOC.

N3JIOXKEHUE OCHOBHOI'O MATEPUAJIA

KOHCTpYKTHBHO-KOMIIOHOBOYHas cxema
XapakTepu3yeTrca.  pa3MepaMH M TUIIOM
NBUKUATEJEH, pAacloiIOXKEHUEM arperatoB M

CUCTEM, HaJHM4heM CBOOOJHOTO MPOCTpaHCTBA
JUIS ~ HaBEIMBAaHUS  MallMH, OpyIud W
YCTAaHOBKHM TEXHOJIOTMYECKUX €MKOCTeH, 0a3ou,
BEJTUYMHON JOPOKHOTO U arpoTEXHUYECKOTO
IIPOCBETOB, KOOpAMHATAMHU LIEHTPA Macc U T.II.

OCHOBHBIMU NpPU3HAKAMU HUHTErPAIbHON
KOMIIOHOBKU SIBJISIIOTCS: HaJU4He TpeX 30H
cBOOOTHOTO IPOCTPAHCTBA (mepenHei,
CpenHel, 3aJHel) Al YCTaHOBKU OpYIUN WU
TEXHOJIOTUYECKUX €MKOCTEH, HalIuuue
pa3BeTBJICHHONH  CHCTEMBl  BajoB  OTOOpa
MotHocTH (BOM), nepenHee uim neHTpaibHOE
pacrosokeHue KaOUHBI c KpYroBOi
0030pHOCTHIO, YeThIpe BEIYLIX "
yIpaBJIsieMbIX KoJieca OJIMHAKOBOIO pa3Mepa,
HaIU4Yue  Pa3BETBICHHOM  TI'MAPOCHUCTEMBI
yIpaBJCHUS OPYIUSMH, PEBEPCHPOBAHUE XO1a
TPaKTOpa,  BBICOKME  TATOBO-CILENHBIE U
TPaHCHOPTHBIE KayecTBa, HEOOXOIMMBIN 3armac
MOIIHOCTH JBUTATENS [7].

OnHUMH W3 TIEPBBIX MAIIMH WHTErPaIbHON
KOHCTPYKTMBHO-KOMIIOHOBOYHON CXEMbI OBLIH
tpakropbl Tuna MB-Truk 900 Turbo u JIT3-
155. B VkpamHe TepBBIM  TPAKTOPOM
WHTETPAIBHOMN KOHCTPYKTUBHO-
KOMITOHOBOYHOM cxeMbI ObLT Tpakrop XT3-120,
co3aHHbIi B 90-€ roAbl MPOIITOro Beka.

Hcnonp3zoBanue tpakropa tuna XT13-120 B
cocTaBe KOMOMHUPOBAHHBIX arperaToB ObLIO HE
IPOCTHIM, OJHAKO BO3HHUKAIONIME MPOOIEMBI

pelaInch yTeM COBEPLICHCTBOBAHUS
HaBECHBIX YCTPOMCTB, YTOUHEHUE ux
PETYIINPOBOK, U CII0JIb30BAHUE

KOoppekTupyonmx ycrpoicts u T.1. [10, 20,
21], n30eras BMENIATEILCTBA B KOHCTPYKTUBHO-
KOMIIOHOBOYHYIO cxeMy Tpakropa. OJHaKo e,
UCIIONb30BaHUE Tpakropa Ttumna XI13-120 B
COCTaBe  KOPMOYOOpOUHOIo  arperara C
MoJIyHaBeCHbIM KoMmOaiiHom Tuna «llonecbe-

3000» wm  TpaBsSHOW  JKaTKOH,  Kpome
CYLIECTBEHHOH  IEperpy3kd 3aJHEro Mocra
(puc. la), ObL10 OCJIO)KHEHO

HEY/JOBJIETBOPUTENIbHON 0030pHOCTHIO pabounx
opraHoB kaTku (puc. 16).
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Puc. 1. Tpakrop tuma XT3-120 B cocTraBe KOpMOYOOPOUHOTO arperara
Fig. 1. Tractor type XT3-120 as part of forage unit

Wznoxxennass mpoOiema  MOXeT  OBITh
pelieHa TyTeM HW3MEHEHHUS PacloJOKEHUs
nocta ymnpasieHuss MOC (mepeMerieHHEM B
33/IHIOI0 YaCTh MaIlMHBI, IPH YCIOBUU PaOOTHI
Ha peBepce), YTO CBS3aHO C KOPPEKTHPOBKOIA
KOMITOHOBOYHOM CXEMBI ITOCIICTHETO.

CoracHO WCCIIEIOBAaHUSM, H3JI0KCHHBIX B
pabote [22], mocT yrpaBieHUs SHEPTOCPE/ICTRA,

paboTarIero Ha peBepce C  YOOPOUHBIMH
MallMHAMHU, JOJDKEH  HAXOAMTBCS  MEXIY
3aJHUM BE€AYIIUM MOCTOM H )KaTKOfI, qToO "
OTIPENICITAT OCHOBHBIE HaIpaBJICHUS
KOPPEKTUPOBKH KOMITOHOBOYHOM CXEMBI.
[MomobHOE KOPPEKTUPOBAHHE
peann3oBaHO B JHeprocpeacTBax Tuma Bima-
300 u Claas Xerion — puc. 2: a — Mexyda3zoBoe
(meHTpanbHOE) 6 — 3a7HEE, 8 — IEPEIHEE.

Puc. 2. BapuaaThl pacrosiokeHus mocTa yrpaBieHus sHeprocpenctsa Claas Xerion
Fig. 2. Possible location of the power unit control station Claas Xerion
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CoBepIlleHCTBOBaHUE WHTETPATbHON
KOHCTPYKTHBHO-KOMIIOHOBOYHOM CXEMBI
OCYIIECTBISUIOCH B HAINPABJICHUHM  CO3JAHUS
MaImH «CUMMETPUYHOW»  WHTETpalbHON
KOMITOHOBKH, KOTOpas 6onee TOJTHO
obecrieunBasa KpyroByro 0030pHOCTb.

Kpome Toro, mams Takoro TEXHUYECKOTO
pelieHus] XapakTepHO pacUMpeHue cpenHei

30HBI CBOOOIHOIO MPOCTPAHCTBA VTS
yCTaHOBKI/I Opy,[[l/lf/'l, NnJIn TCXHOJIOTHYCCKUX
€MKOCTEHN.

DTO AOCTUTACTCS TIEPEMEIICHUEM JIBUTATEIIS
Mo KaOWMHY ¥ OCBOOOXKICHHEM TUIOMAJKA IS
YCTAaHOBKM TEXHOJIOTUYECKOTO OOOPYIOBAHHUS B
nepeaHel yacTu 3HeprocpeacTna [7].

«CuMMeTprYHasD) WHTErpajbHas
KOMITOHOBKa Oonee MIOJIHO OTBEYAeT
TpeboBaHMsIM  obecrieueHUs  SPPEeKTUBHBIX
YCIIOBUW arperaTHpoBaHUsl C MallMHAMH H
OpYAUSMH.

IIpumepom «CUMMETPUYHON»

KOHCTPYKTHBHO-KOMIIOHOBOYHON CXEMBbI MOKET
CIyxkuTh 3Heprocpeactso Fendt-524 Xylon —

puc. 3. a — obumi BuA, 6 — 3aaHEe
pacIioyoKeHUE TI0CTa YIPABICHUS.
OHako, Haxe peanuzanus

«CUMMETPUYHOW» HHTErpajJbHONM KOMIOHOBKU
HEe cMoriia 00ecnedyuTh YIOBJIETBOPUTEIBHYIO
0030pHOCTH, pabOYMX OpPraHoB MaIlMH, YTO
NPHUBEJIO K pean3allyl IMEePeIBUKHOIO MOCTa
YIPAaBJICHHUS U VIS 3TOU cXeMbl (puc. 30).
CToUT OTMETUTh, YTO HHEPrOCPEACTBO
Fendt-524 Xylon mo3unmoHupoBajics B Hayajie
cKopee Kak OJIUH u3 BAapHAHTOB

COBCPHICHCTBOBAHUA CAMOXOAHBIX HIACCH.

OpnHako, e€clii BEpHYTbCA K IpHU3HAKaM
WHTErPAIbHOU KOHCTPYKTUBHO-
KOMIIOHOBOYHOH CX€Mbl U IPOAHATIU3UPOBATH
UX B OTHOIIEHWH Ha3BAaHHOTO YHEProCpe/ICTBa,
MOXKHO yTBEp)KIaTb, 4YTO 3a MHCKIIOYECHUEM
IIYHKTA, KOTOPBIN NMPONKCHIBAET HATUUUE KOJIEC
oquHakoBoro pasmepa (B Fendt-524 Xylon
MepeIHUE KOoJeca UMEIOT MEHBLIMI pa3Mep YeM
3a7HME) JITaHHOE  HHEProCcpesiCTBO  HMMEEeT
UHTErPaJbHYI0 KOMIIOHOBKY MOJOOHO KaK H
sHeprocpencTBa tuma X13-120.

CrocoOHOCTh 3HEProcpe]cTBa BbIIOIHAT
TOT WJIA HWHOH TEpeYeHb TEXHOJIOTHYECKIX
omnepanuii Y4UTHIBAETCS IMpU OIpeAETICHUU
ypoBHE# yHUBepcaibHocTH MOC.

o pesynpratam paboTsl [23] yCTaHOBIEHO,
gyto Tpakrop XI3-16131 xapakrepusyercs
ypoBHeM yHuBepcanbHOCcTH K, =0,57, a nnd
sHeprocpencrsa Fendt-524 Xylon K, =0,79.

MakcumallbHOE ~ 3HAQ4YE€HHE  Ha3BaHHOIO
MoKaszatenss Ul ~ MalMH  HHTErpaibHOM
KOHCTPYKTUBHO-KOMIIOHOBOYHOM  CXEMBI, C

y4€TOM COBPEMEHHOIO pa3BUTHUS TEXHOJOTHI
TPAKTOPOCTPOEHUS U  CEIBCKOXO3SIMCTBEHHOTO
MIPOU3BOJICTBA [24], MPEJICTaBICHHOM
sHeprocpenctBamu  tuna  X13-16131  He
npesbicuT 0,82, a »HeprocpencTBaMM THIA
Fendt-524 Xylon —0,91.

HUcxons u3  MeTOAMKH  OMpeCIICHUS
Ha3BaHHOTO TokazareJs [23] MO>KHO
YTBEPKIATh, 4TO SHEpProcpeacTBa
WHTETPAIBHOW KOMITOHOBKM MOTYT B IIMPOKOM
JMAla30He  XapakTepUCTHK  MEHSTh  CBOU
MOTPEOUTENIBCKAE KauyecTBA [0 JAOCTHIKEHHS
YPOBHS YHUBEPCATBbHOCTH KOHCTPYKIIUU
K,. =0,82-0,91.

Puc. 3. MOC «cuMMeTpUYHOI» HHTETpalIbHOI KoMITOHOBKHM THMa Fendt-524 Xylon
Fig. 3. MES "symmetric" integrated layout type Fendt-524 Xylon
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6)
Puc. 4. UVaterpasibHas KOHCTPYKTHBHO-

KOMITOHOBOYHaAs CXCMa U IPHUOPUTCTHBIC 3TAIlbI
€€ pa3sBUTHUSA

Fig. 4. The integrated design-layout scheme
and priority stages of its development

Ilpn MakcuMallbHOM €ro 3HaYeHUH PABHOM
1,0 3a cuer peanu3zauuM TpeX BapHUAHTOB
CXEMHBIX  penmeHui, a HuMeHHo: | —
Mex1y0a30Boe (LICHTPAIBHOE) PACIIONIOKECHUE
IIOCTa yHpaBJEHUS, HE PEBEPCUBHBIM IOCT
YIPaBJIEHUS U TPAHCMHCCHUS, a BCE OCTAJIbHbBIE
IOpPU3HAKU JOJDKHBI COOTBETCTBOBATb  TEM,
KOTOpBhIE H3JIOXKEHbI B pabdote [7] (puc. 4:

a — MeXTy0a30Boe (meHTpasBHOE
pacroyio’)keHHe  TOCTa  yImpaBieHHSs),  HeE
pPEBEPCUBHBIN IIOCT YIIpaBJICHUS, HE

pEeBEpCUBHAS TPAHCMUCCHS, O — TEPECTaBHOMN

PEBEpPCUBHBIA  IMOCT  yOpaBJieHHUS, 6 —
«CUMMETpUYHas» MHTErpabHasi KOMIOHOBKA C
PEBEPCUBHBIM  HE  MEPECTaBHBIM  IOCTOM
ylpaBJieHus, /[ — npuratenb, I — TpaHCMUCCHS,
IIK m noct ynpasinenus, PIIK — peBepCUBHBIN
MOCT  yhmpaBjeHHs) 2 —  IepecTaBHOM
PEBEPCUBHBIA  TOCT  YOpaBJICHHS, a BCe
OCTaJIbHbIE TPU3HAKH JI0JKHBI COOTBETCTBOBATh
TEM, KOTOPbIE U3JI0kKEHBI B padote [7] (puc. 46)
3 — «CUMMETpUYHAN WHTErpaibHas
KOMIIOHOBKAa C PEBEPCHUBHBIM HE MEPECTABHBIM
IIOCTOM YIpaBJIEHUS, KOTOpas XapaKTepu3yeTcs

npU3HaKaMH, HU3JI0XKCHHBIe B pabore [7]
(puc. 4s).
JlanpHele  yCOBEpIICHCTBOBAHHUS B

KOMITOHOBKEC HWHTCIPAJIBHBIX 3HEPTOCPCACTB HE
MO3BOJIAT CYHICCTBCHHO TIIOBBICUTH YPOBCHbB

YHUBEPCAJTbHOCTH, IMO3TOMY BO3MOXXHOCTH
TIOBBIIICHUSI Ha3BaHHOTO MOKa3aTest
esecoo0pa3sHo  paccMaTpUBaTh B JIPYTHX

KOHCTPYKTHBHO-KOMITIOHOBOYHBIX CXCMax.

BbIBO 1
1. B pe3ynbrare MPOBEACHHBIX
WCCIIEZIOBAHUN YCTaHOBJIEHO, YTO C LEJbIO
obecrieueHus TpeboBaHUH moTpeouTens
WHTETPATBbHYIO KOHCTPYKTHBHO-
KOMITOHOBOYHYIO cXemy HEPTOCPENICTB
11e51eco00pa3Ho peann30BBIBATh c

COOJIIOJICHMEM €€ OCHOBHBIX IIPU3HAKOB H
pasnuuusaAMH, KOTOpBIE KOHIIEHTPUPYIOTCS B
TPEX BapHaHTaX CXeMHBIX pEIeHUH, a UMEHHO:
- MHXKTy0a30BO€ (ueHTpanbHOE
pacroJio’KeHHe MOCcTa yIpaBJeHus),
- HE PEeBEPCUBHBIN MOCT YIIPaBJICHHUS,

- HE peBepcuBHas TpaHCMHUCCHS,
MEePECTaBHON PEBEPCUBHBIN MOCT Y PABJICHHUS,
- «CUMMETPUYHAs» MHTErpajibHast

KOMITOHOBKa C PEBEPCUBHBIM HE MEPECTaBHBIM
MTOCTOM YIPaBJICHHUS.
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MOBILE POWER TOOLS INTEGRATED
STRUCTURAL-LAYOUT SCHEME -
STATUS AND WAYS OF DEVELOPMENT

Summary. The results of analysis of
development of integrated design-layout scheme
of energocredit for agricultural purposes.
Structurally-layout scheme of the tractor relative
placement of the main units and operating
equipment of the tractor, the relevant functional
purpose and allows you to use the tractor with
the greatest efficiency. With the advent of the
MEM integrated design-layout scheme was
exposed and the problems of its use. Key among
these are: the limited range of machinery and
tools unsatisfactory, in  many cases, the
conditions of aggregation with existing and
well-established in the unit with energoresource
other structures, machinery and implements.

As a result of researches it is established that to
ensure customer requirements integrated design-
layout scheme of energocredit to implement to
meet its main features and the differences that
are concentrated in three variants of circuit
solutions: between base (the central location of
the wheelhouse), non-reversible control, not
reversible  transmission, adjustable  reversible
control, "symmetric" integrated layout with
reverse no adjustable control.

Key words: mobile power tool, layout,
integrated layout, design, development.
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AnHoTanus. M3BecTHO, 4TO MpU MEPUOTHU-
YeCKOW 3arpyske cyOcTpaTa B METaHTEHK CyIIe-
CTBYET OTHOCHUTEIBHO KOPOTKME 1-2 MuKa Mak-
CUMAJIBHOTO BBIXOJa Ouorasa.

[lpu sToM cnemyronmii 3Tanm OpOXKEHUS Xa-
paKTepu3yeTcsl CYIIECTBEHHBIM YMEHbLICHUEM
BBIXO/1a Onorasa.

JIJIss paBHOMEPHOTO pacipe/ieICHHs BBIX0/1a
Ouorasa BO BPEMEHM IMPUMEHSETCS MOCTENeH-
Has Tojaya cyocTpara B METaHTEHK, IMPU KOTO-
poii cydcTpar mojaercsi B T€UeHHUE JHS 00Jib-
MM KOJIMYECTBOM HE3HAYUTEIbHBIX MOPIHUA, C
OJIHOBPEMEHHBIM yJAJICHHEM OTPaOOTaHHOTO
ouonuiama.

Lenpio uccrnenoBaHUi OBUIO OIpeeNeHre
JUHAMUKA Ta3000pa3oBaHUs B METAHTCHKE MIPU
MOCTENEeHHOM 3arpy3ke cyocrtpara (c mobasiie-
HUEM CBIPOTO TIIHIIEpUHA B KonuuecTBe 3% OT
Macchl CyOcTpara) AJis Pa3HbIX TEMIIEPaTyPHBIX
PEXKHUMOB.

OmnpeneneHo, 4TO Ta3oBbIACICHUE MPU TO-
CTENIEHHOMN 3arpy3ke cyOcTpara B MeETaHTEHK
uMeeT Oosiee paBHOMEPHBIM Xapakrep Mo CpaB-
HEHUIO C Ta30BBIICTICHUEM MIPU MEPUOTTIECKOM
3arpyske.

YcTaHOBIIEHBI CpeHUE 3HAYeHHUs BBIXOJA
Ouorasa B 3aBHCHMOCTH OT TEMIIEpaTypHOTO
peKHMa METAaHTCHKA U ITApaMETPOB 3arpy3KH.

KuoueBble cioBa: Ouoras, METaHTEHK, KO-
cyOcTpar, MOCTENeHHas 3arpy3ka, ChIPOM TIH-
uepuH, HaBo3 KPC, 6uorazoBas yctaHOBKa.

[NOCTAHOBKA ITPOBJIEMbI

[lpu mepuomuueckoil 3arpyske cyocrpara B
METaHTEHK CYIIeCTBYeT 1-2 MHUKa MaKcHUMallb-
HOTO BBIXOJIa OMOra3a, BO3HHUKAIOIME MPHU Tie-
pexojie ¢ IKCIOHEHIMaNbHON (a3bl K (aze 3a-
MeJICHUS POCTa.

MaxkcuManpHBII BBIXOH Omorasa HaOrona-
€TCsl B TEUEHUE HECKOJIbKUX CYTOK, IOCJE Yero
WHTEHCUBHOCTh €r0 TeHEpPAllUH IMOCTEIIEHHO
CHWIKACTCS BIUJIOTH JIO IOJHOTO TPEKpaIcHUs
[1].

Bpewmst monHOro paznoxeHus OMoMacchl pu
aHa’poOHOM COpaXMBaHWHM MOKET COCTABJISITH
30-45 cyrok, omHaKo BBHIXOJ OWoraza B 3TOM
cllydae HU3KHI M HEe 00eCriednBaeT JOXOIHOCTH
O0MOra3oBOil yCTaHOBKH [2], CPOK OKYIIaeMOCTH
KOTOPOM MOKET MPEeBBILATH & JIeT [3].

YactuyHo mpoOieMy MOXKHO PEIMTh HC-
MOJIBL30BaHNEM KOPEpPMEHTOB (CBEKEH U CHJIO-
COBaHHOI OMOMAacChl, OTXOA0B MacClIOKHPOBOTO
U OMOJM3EIIEHOTO TPOM3BOJACTBA | 1p. [4, 5, 6,
7,8,9, 10].

JlJ1isi paBHOMEPHOTO pachpeieieHHs BhIX0/1a
Oumorasa BO BPEMEHH IPUMEHSETCS MMOCTEICH-
Has mojaya cyOcTpara B METaHTEHK, IPH KOTO-
poif cyOcTpar momaeTcss B TE€UCHHE IHS OOJb-
UM KOJIMYECTBOM HE3HAYUTENBHBIX MOPIUH, C
OJIHOBPEMEHHBIM  yJalIecHHUEeM OTpabOTaHHOTIO
ouomuiama.

[Tpu >TOM Kakiast HOBask MOPIIUS 3arPy’KEeH-
HOTO B METAHTEHK cyOcTpaTta OymeT dopmupo-
BaTh CBOM MaKCMMYM BbIxoja Ouorasa (puc. 1).
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Puc. 1. Cxematnueckoe nzobOpaxkeHnue Qop-
MHUPOBaHUS BBIX0J1a OMOTa3a MpH HEMPEPhIBHOM
3arpyske cyocrpara B METaHTEHK [12]
Fig. 1. Schematic representation of the for-
mation of biogas under continuous output load-
ing the substrate into the digester [12]

MaxkcuMyMbI OT KaKIOW MOPILIHH 3arpyKeH-
HOrO cybctpara Oyayr (GOpMHpPOBATH OOIMIA
BBIXOJ] OMOTa3a U3 METaHTEHKA, KOTOPBIN OyaeT
CYIIECTBEHHO TPEBBIIATH BBIXOJ OHoOrasa mpu
nepuoauyeckor 3arpyske. IIpuuem, yem game
OyIyT 3arpyXatbCsi HOBBIC TOPIIMH CyOCTpaTa,
TeM Oosiee paBHOMEPHBIM OyleT OOLM BBIXO]
ouoraza [11, c. 71-72].

AHAJIN3 ITOCJIEJHUX I/ICC‘)’IEIIOBAHI/H\/T
N ITYBJIMKALIN

B pab6ore [13] mpemnokena maTemaTHye-
CKasi MOJEJb, ONHMCHIBAIOLQAS IIPOLECC TOJIyde-
HUs Ouorasza M3 OPraHMYECKOIO ChIPbS IPU He-
MPEPHIBHOM U MEPUOJUYECKON 3arpy3Ke MeTaH-
teHka. OmnpeneneHo, yTo B Ciiydae Mepuoaude-
CKOTO PEKMMa MPOUCXOAUT MoHas (epMeHTa-
1us cyocTpaTta, M03TOMY BbIX0Jl Ouorasa c enu-
HULIBI 00beMa cyOcTpaTa MakCHMalleH, OJIHAKO
CpenHUM BBIXOJ OMoOrasa B €IMHULY BPEMEHU
JIOCTaTOYHO HHU30K. B ciydae HempephIBHOIO
peXUMa MpPHU ONTUMAIBHOW CKOPOCTH MOJAA4H
cyOcTpara JOCTHTAETCSI MaKCHUMAIbHBIM BBIXOL
Ouorasa B enuHUIly BpeMeHu. Hanpumep, cpen-
HECYTOYHBIN BBIXOJ OMOTa3a MPU HEMPEPHIBHOM
nojade cyocTpaTa NPEBBIIIAET CpPEAHECYTOY-
HBIA BBIXOJl TPU MEPUOTUUYECKOM PEKUME ISt
OTXOJI0B TTUIE(HAOpPHK U CBHHOKOMIIJIEKCOB B
2,3 paza, s orxonoB ¢epm KPC — B 1,7 pa3a.
Bmecte ¢ TeM, YCTaHOBJIEHO, YTO NPOAOIKH-
TETLHOCTh (PEpPMEHTALIMK TIPU HENPEPHIBHOMN
nojaye cydcTpara cocTaBiseT 5-6 CyTok, 4To
NPUBOJUT K HETIOJIHOM nepepaboTke cyocTpara.
Tak, cpenqHuii BbIXoJ OHMoOrasa ¢ eIMHUIIBI Mac-

CBI CBIPBsI MIPU HEMPEPHIBHOM PEKUME M ONTH-
MaJIbHOW CKOpPOCTH IOAA4H CBHIPBS B 2 pasa HH-
xKe, yeM npu nepuoaundeckoM. [losromy, B pa-
oote [13] mpemnaraercst BBIOOp pexuMa MPOU3-
BOJICTBa OWoOrasa CTaBUTb B 3aBUCHUMOCTH OT
MPUOPHUTETA ILEJeH MPEeIIpHsTHS: MaKCHMH3a-
11st 00beMa UM CKOPOCTH BbIXO/a Onorasa.

B pabote [14] moarBepkaaeTcs, 4TO TEXHO-
Joruyuecky Oosiee OyiarompusiTHA SKCILTyaTalus
METaHTEHKa MPU HEMPEpPHIBHOMN IMOJaue ChIPbS,
TaK KaK MpPHU 3TOM TMOJIydaeTcss HauOobIas nH-
TEHCHUBHOCTb pasniokeHusi. KomudecTtBo opra-
HHUYECKOTO BEILECTBA, KOTOPOE /J100aBIISETCS B
€IMHUILY BPEMEHHM K HaXOJAIEMYCs B peakrope
cyOCTpaTy, COOTBETCTBYET YK€ pPa3IOXKHBIIIE-
MyCsl K JAHHOMY MOMEHTY KOJIMYECTBY OpTaHU-
Yyeckoro BemecTBa. B pabore [15] pexomeHio-
BaHa CYTOYHas 7032 3arpy3Kd METAaHTEHKA B 3a-
BUCHMOCTH OT BJIAXXHOCTH W TEMIIEPATypHOTO
pexuma opoxeHus (Tadm. 1).

B pab6orax [16, 17, 18] mpoBeneHo uccneno-
BaHUeE Mpoliecca MOCTENEeHHOM MoaaYn cyocTpa-
Ta B METaHTEHK 00beMoM 30 M° MpU TeMIiepa-
Type O6poxenus 35°C, koa(puiueHTe 3anoiHe-
HHSI METaHTEHKa 0,5, xoaddunuente omo-
poxxuenus — 0,28. /{151 BO30OHOBIEHHS METaHO-
BOTO OpOXEHHsSI B METAaHTEHK K 3aTPaBOYHOMY
cyocTpaty, colep)KameMy KyJIbTypy OaKTepwit,
N00aBJISIach MOPLUS CBEXKEro CcyOcTpaTa BECOM
4,2 xr, cocrosuero u3 1,7 xr nasoza KPC, 2.5
kr BoAbl U 0,05 7T HEOUYHILEHHOrO TIUIIEpUHA
(3% ot macchl cydcTpara).

B nepBbie HECKONBKO CYTOK METaHTEHK pa-
00Tasl IpH MEPUOAMYECKON CHCTEME 3arpys3KH.
[locne BbIXOAa B cTammoHapHyo ¢azy Opoxe-
HHUS C MOTYYEHUEM MaKCHUMAalbHOTO KOJIMYECTBA
Ouoraza METaHTCHK NMEPEBOAMIICS B IOCTEIICH-
HYIO CUCTEMY 3arpy3K, MpU KOTOPOU €XKecyTo-
YHO J00aBIIsIach HOBAsi MOPIUS CyOCTpaTa B
pasmepe 1/30, 1/20, 1/10 u 1/5 gactu 3arpy-
JKEHHOH MOPIIUH.

W3 pe3ynbTaToB Mcclen0BaHUMN, NPUBEICH-
HBIX Ha pUC. 2, BUJHO, YTO OpOKEHHE COIMPO-
BOXKJIACTCS ABYMSI MMKaMU MaKCHMAJIBHOTO BbI-
xona Owuoraza. Hawamo orcuera coBmagaer ¢
MEPBBIM IMHKOM, IOCJIE Yero HACTYyMaeT 3aTyxa-
HUE TeHepanuu Ouorasza, ¥ Ha INECTHIE CYTKU
OpoXeHHUsT HaOJII0aeTCs BTOPOM MUK TeHepa-
uuu. Ha 8 cyrku OpokeHus BbIxon Ouorasa
CTa0MIM3UpYeTCS W B IOCIEAYIOUME IHH
HaOJI0]aeTCsl OTHOCHTEIBHO paBHOMEpHas Te-
Hepalusi 6uorasa ¢ He3HaYUTEIbHBIM YBEIHYE-
HUEM €r0 BbIXO/Ia BO BPEMEHH.
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Tabauua 1. Cyrounas ao3a 3arpyaeMoi B METaHTEHK MacChl
Table 1. The daily dose loaded in digester weight

p 5 Jlo3a mMaccel, %, Ipu ee BIKHOCTH, %o
€KUM COpaKMBaHUS 93 oz 95 9% 97
Me3oduibHbBIN 7 8 9 10 11
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Puc 2. I'enepanus 6rorasa rnpu MoCTENEHHON 3arpy3ke cyocrpara [16, 17, 18]
Fig. 2. Generation of biogas at a gradual loading of the substrate [16, 17, 18]
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Fig. 3. The dependence of the average biogas yield at a gradual feed of the substrate from the
substrate percent updated
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Cpennuii BeIx0J] OMOraza mpu €XeIHEBHOM
obHoBieHnu 3,3% cydcTpaTta OT 3arpyKEHHOTO
B Hauane OpoxkeHHs coctaBmser 141 cm®/uac,
npu 06HOBICHHH 5% cyGerpara — 226 cM/uac,
10% — 317 cm’/aac, 20% — 577 cm®/uac. OT-
KIOHEHHUE BhIX0Ja OMorasa OT CpeIHEero 3Have-
HUSI, KaK TIPABHIIO, COCTABIISIOT 6-8%.

B »Tux ke paborax npruBeaeHa 3aBUCUMOCTh
CpelHero BbIXoJa OWorasa HpU IMOCTEIECHHOM
nojade cyocTpara OT MPOIEHTa OOHOBIISEMOTO
cyoctpata (puc. 3), KoTopas anpoKCUMHUPYETCs
TUHEHHON (yHKIMeH:

Q = 2504- /7 +75,29 npu R?=0,9902, (1)
rae: Q — BeIxox Guorasa, cM>/uac, J{ — OGHOBIIS-
eMblil cyoctpar, %.

Taxxke B paborax [16, 17, 18] ormeuaercs,
yto Tipu 50% OTHOPA30BOM €KETHEBHOU CMEHE
cyOcTpata OpoKEHHE MpeKpalaeTcs BClel-
CTBHME BBIMBIBAHHSI MAaTOYHOH KYJIbTYphl METaH-
obpasyronmx Oakrepuid. IIpu 30% cmene cyo-
cTpara BBIXOA OWoOraza HE YMEHBIAETCS, HO
IpU ITOM TEILIOTa CropaHus Ouorasa, ompene-
JaeHHas 3a merogoM [19], B pesynbrare yBeau-
YEeHUsSl COJEPXKAaHUs YIIIEKUCIIOTO ra3a COCTaB-
mser 12-13 MJDx/nM°® (mporue 25 MJILk/m® 3a
COVY 24.14-37-561:2007 [20]). TToatomy, dop-
myna (1) peiicTBuUTeNnbHA AN OJAHOPA30BOM
©KETHEBHOW CMEHBI CyOCTpaTa B METaHTEHKE
He Oonee 30%.

B pabotax [16, 17, 18] uccnenoBana quHa-
MHKa Ta3000pa30BaHUS B METAHTEHKE IPHU IO-
CTENICHHON CHCTEME 3arpy3ku cyOcTpara TOJb-
ko mpu temneparype 35°C, omHako npu Oonee
IIMPOKOM CIIEKTPE TEMIEPaTYPHBIX PEKHUMOB
OHAa MOJXKET CYIIECTBEHHO OTJINYAThCS.

INIOCTAHOBKA 3ATIAYN

[TosTOMY HENBIO HAMX HMCCICIOBAHHH SB-
JSIeTCSl OTpeIeTICHNe TUHAMHKHA Ta3000pa3oBa-
HUSI B METaHTEHKE NPHU MOCTEIICHHOW 3arpyske
cyoctpara (¢ qo0aBICHUEM CHIPOTO TIIAIIEPUHA
B KomuuecTtBe 3% OT Maccel cyOcTpara) ajis
pa3HBIX TEMIIEPATYPHBIX PEKHMOB.

N3JIOKEHME OCHOBHOI'O MATEPHAJIA

OKcliepuMeHTalbHbIE MCCIEAOBAHUS IPO-
BOJMJIUCH HA J1a0OpaTopHOIl OHorazoBoi ycra-
HOBKE B y4eOHO-Hay4HOH maboparopuu Ouo-
koHBepcuil B AIIK HamumonanbHOTO YHUBEpPCH-

TeTa OHOpeCypCOB M  IPUPOAONONIB30BAHUS
VYKpauHbI, KOTOpass COCTOMT W3 METAaHTCHKA U
rasrosipzepa (puc. 5).

Puc. 5. DxcnepuMmeHTanbHas OuorazoBas
YCTaHOBKa
Fig. 5. An experimental biogas plant

MeTaHTeHK MWIMHAPUYECKOH (Qopmbl H3
KOHMYECKMM JHUIIEM MMEeT JBa KopIyca:
BHYTpeHHHMII U BHeumHui (puc. 6). I[Ipocrpan-
CTBO MEXJy HUMHU (BOJsHas pyoOalka) 3amoJ-
HsAETCA BOJOM, KOTOpas HarpeBaeTcs 10 3aaH-
HOM TeMIlepaTypbl TEIJIO3JIEKTPOHAIPEBATEIEM
U CIYXHUT JUIsl TOAJEpKaHUS TEMIIEpaTypHOTIO
pexuMa OpOKEHUSL.

Puc. 6. KoHcTpyKuMs MeETaHTEHKa HKCIie-
PUMEHTAJIBHON OMOTa30BON YCTAaHOBKU
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Fig. 6. The design of the experimental di-
gester biogas plant

Bo BHyTpeHHEM KOpIlyce METaHTEHKa 00b-
emMoM 30 J1 MPOMCXOIUT METAaHOBOE COpaKMBa-
Hue cyocrpara. Jlns co3naHust 0€3BO3AYIIHOIO
peKMMa BHYTPEHHUN KOPIYC METAHTEHKa 3a-
KPBIBAETCS KPBILIKOW ¢ PE3MHOBOW MPOKIAIKOM,
KOTOpasg C T[IOMOIIBIO IIUJEK KPEmUTCa K
KPBIIIKE BOJISTHOW PYOAIlIKH.

Ha xpeimke (puc. 7) pa3memiaercs IHEKO-
BBII CMECUTENb U TPyOa ¢ KpaHOM, Yepe3 KOTOo-
PYIO B HI)XHIOIO 4acTh BHYTPEHHEro Kopmyca
METaHTeHKa 3arpykaercsi CBEXHil cyOcTpar,
BBITECHSISI IIPU 3TOM 4YacTb IEpEOPOKEHHOIO
cyocTpara yepe3 BEpXHMI KpaH (C KenToil pyy-
KOl Ha puc. 6) B KOpIyce METaHTEHKA.

[TonHOCTBIO cyOcTpar cinuBaercs (i pe-
MOHTa WJIM TEXHMYECKOTO OOCITYyXHBaHHS) de-
pe3 KpaH B HM)KHEW KOHMYECKOW 4acTH METaH-
TEHKa.

T/ EEY

Puc. 7. Kpbinka MeTaHTEHKa 3KCIIEpUMEH-
TaTbHON OMOTA30BOM YCTAaHOBKHU

Fig. 7. Cover experimental digester biogas
plant

4

CocraB cybOcTpara u coco0 ero mepBoHa-
YaJbHON 3arpy3kud ObUI aHAJIOTMYHBIM ONMCAH-
Homy B [16, 17, 18]. Ilocre BBIXO/a B CTAIMO-
HapHYyIO (pa3y OpOKEHHUS C TOJydEHHEM MaKCH-
MaJIbHOTO KOJIMYecTBa Omorasza METaHTEHK Iie-
peBOAMIICS B IOCTENEHHYIO CHCTEMY 3arpys3KH,
MpU KOTOPOH €KEeCyToyHO n00aBisuiach HOBas
nopuus cyocrpara B pasmepe 1/30, 1/20, 1/15,
1/10, 1/5 u 1/4 wactu 3arpyxeHHOH TOpIUU (B
3aBUCUMOCTH OT TEMIIEPaTypHOIO peXUMa).
Bec cybcTpata ¥ OTOENBHBIX €0 KOMIIOHEHTOB
MIPH ©KEITHEBHOM 3arpy3ke NMpHUBEACHBI B TaOII.
2. Temneparypa Opoxxenus coctasistia 30°C,
40°C u 50°C. Hnsg KaXI0TO TEMIIepaTypHOTO
peKrMMa MPOBOMINCH HCCIeIOBaHUsS 3 pa3inuny-
HBIX IpONOpLUUM cMeHBI cyOocTpaTa. [lpunepxu-
BaThCSl OJMHAKOBOW MPOIMOPIUHA CMEHHI CyO-
cTpaTa Juis BCEX TeMIIepaTypHbIX pEKUMOB OblI-
J0 TpoOIeMaTHYHO M3-3a YBETUYEHHOIO Ia3o-
BBIJICJICHUS] TIPU YBEJIMYEHUH TEMIIEpaTypHOIO
peKMMa, YTO MPU OTPAaHHMYEHHOM OOBEMe ras-
roipaepa M OBICTPOW €ro HaIlOJHSIEMOCTH
YCIIOKHSUIO CBOEBPEMEHHBI CheM Pe3yNbTaToB
UCCIIEZIOBAHUM B HOYHOE BPEMS CYTOK.

PesynbraTel nccienoBanus BeIxoga Ouorasa
MpU MOCTENEHHOM 3arpy3ke cyOcTpara Juist pas-
HBIX TEeMIIEpaTypHBIX PEXKUMOB MpPHUBEACHbI Ha
puc. 8 — puc. 10.

Jlns cokpallieHusi BpEMEHU SKCIEPUMEHTa,
M3MEHEHUs MPOLIEHTa 0OHOBIISIEMOTO cyOcTpara
SIBJISTIOCH  TPOJOKEHUEM MPEAbIAYIIETO 3KC-
NepUMEHTa, MO3TOMY B IMEpBbIE CYTKH (B HEKO-
TOPBIX CIIy4asX 3TO BpPEMS YBEIUYMBAIOCH)
MPOUCXOIIIa CTAOMIHM3aNMs pEKUMa Ta30BHI-
JeNieHusl, TOcle Yero Halumojaanach OTHOCH-
TEJILHO paBHOMEpHas renepanus Ouorasa ¢ He-
3HAYUTEIHHBIM YBEIIMYCHHEM €ro BBIXOJa BO
BpPEMEHH.

Tab6auna 2. Bec cydocTtpata u OTAEIBHBIX €70 KOMIIOHEHTOB TPU €XKETHEBHOU 3arpy3Ke METaH-

TEHKa
Table 2. The weight of the substrate and its individual components in a daily load digester
[IporieHT 0OHOBIIIEMOTO CyOCTpaTa

IToka3arenb 1/30 1/20 1/15 1/10 1/5 1/4

(3,3%) | (5%) | (7,5%) | (10%) | (20%) | (25%)

HauanpHas 3arpyska cyocrpara, Kr 7,725 | 7,725 | 7,725 | 7,725 | 7,725 | 7,725

ExxenneBHas 3arpy3ka cyocrpara, Kr, B 0,5 0,75 | 1,125 | 0,773 | 1,545 | 1,931
T.4..

— naBo3 KPC, xr 0,2 0,3 0,45 0,3 0,6 0,75

— BOJA, K 0,3 0,45 | 0,675 | 0,45 0,9 1,125

— CBIPOH TTIUTIEPUH, T 7,5 11,25 15 22,5 45 56,25
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Puc 8. I'eneparus 6uorasza npu temmepatype 30°C npu MoCTeneHHOH 3arpy3ke cyocTpara
Fig. 8. Generation of biogas at a temperature of 30°C at a gradual loading of the substrate
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Puc 9. I'eneparus 6uorasza npu temreparype 40°C mpu MOCTEIEHHOM 3arpy3ke cyocTpara
Fig. 9. Generation of biogas at a temperature of 40°C at a gradual loading of the substrate
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YacTka 3miHoBaHoro cyéctpary, %: —&—7,5% —2A—5% - 3,3%
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Puc. 10. I'erepanus 6uorasza mpu temmeparype S0°C mpu MocTeneHHo# 3arpy3ke cyocrpaTa
Fig. 10. Generation of biogas at a temperature of 50°C at a gradual loading of the substrate
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Puc. 11. 3aBucuMOCTb Ta30BBIICTICHUS] B METAHTEHKE MPU MOCTENEHHOM 3arpy3ke cyocTpara oT
MIPOIIEHTA €XKEAHEBHOM 3aMEHBI CyOcTpaTa

Fig. 11. Dependence of gassing in the digester at a gradual loading of the substrate from procent
daily disposable substrate
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Cpennuit BbIXoJ Ouorasa (mocie cTaOuiIH-
3aI[M1 Ta30BBIJICIICHUS) COCTABIISICT:

— st TeMneparypsl Opoxkenus 30°C: mpu
exelHeBHOM oOHoBieHun 25% cybctpara ot
3aTPY)KEHHOTO B Havyaje  OpoKeHus  —
65 cmfuac, 20% — 217 cmPfuac, 10% -
64 cM*/uac.

— s TeMmeparypbl Opoxkenus 40°C: npu
exxeqHeBHOM oOHoBieHun 20% cyOcTtpata OT
3aIPY)KEHHOI0 B Havyajle  OpOXeHHS  —
862 cwm’fmac, 10% - 931 cm’luac, 5% -
758 cM>/aac.

— ans teMmneparypsl Opoxkenust 50°C: npu
eXeTHEeBHOM OoOHoBieHuu 7,5% cybctpara oOT
3aTpy’)KEHHOTO B Hadaie  OpoxeHus  —
1034 cm/aac, 5% — 868 cm’/wac, 3,3% -
649 cm>/uac.

Kax BuiHO 13 puc. 6-8, moBbIlLIEHUE TEMIIE-
patypbl OpOXEHHs BBI3BIBACT YBEIMUYEHUE BbI-
xoJa 6uorasa.

B 3aBucuMOCTH OT mpoLEHTa €XKEIHEBHOU
3aMeHBI CcyOcTpara B MeTaHTeHke (puc. 11),
OUYEBUHO, TA30BBIJICIIEHUE UMEET OJJUH MaKCH-
myM (quist remrepatypel 30°C — 20% 3ameHeH-
HOTO cyOcTpara, s Temneparypsl 40°C — 10%
3aMeHeHHoro cyoctpara). [lnsg TtemiepaTypsl
50°C s ompedeneHHs 3TOr0 MaKcHMyMa
HEOOXOIUMO OBLIO TPOBECTH HCCIIEIOBAHUE
enle, Kak MUHUMYM, B oAHOM Touke — nipu 10%

eXeJIHEeBHOU 3ameHe cyoctpata, a it 35°C —
ipu 15%.

BBIBO/IbI

1. TloBblmieHUE TEMIIEPATypbl OpOXKEHHUS
BBI3BIBACT yBEIMUCHUE BBIX0/1a Onorasa.

2. T'azoBblaEneHHE TpPU MOCTENEHHOM 3a-
Ipy3ke cyOcTpara B METaHTEHK HMeeT Oosee
pPaBHOMEPHBIN XapakTep MO CPaBHEHHUIO C ra3o-
BBIJICJIEHUEM IIPU NIEPUOTUIECKON 3arpysKe.

2. Cpenuuii BeIXoj Omorasa (mocie crabu-
JIM3allM Ta30BBIJICIIEHHS) COCTABJISIET:

— st TeMneparypsl Opoxkenus 30°C: mpu
exxeHeBHOM oOHoBieHun 25% cyOctpara ot
3aIPy)KEHHOI0 B Havyaje  OpoKeHus —
65 omfuac, 20% — 217 comfuac, 10% -
64 cM>/uac.

— s TeMmeparypbl Opoxkenus 40°C: npu
exxeqHeBHOM oOHoBiieHun 20% cyOcTtpata OT
3aTPY)KEHHOT0 B Havyajle  OpOXeHHs  —

862 cm’fuac, 10% - 931 cm’/uac, 5% -
758 cM>/uac.

— a8 Temieparypbl OposkeHus 50°C: mpu
eXeIHEBHOM OOHoBieHuu 7,5% cydcTpara ot
3arpy’)keHHOTO B Haudajge OpokeHus —
1034 cm’/aac, 5% — 868 com’fuac, 3,3% -
649 cv®/uac.

3. B 3aBuUCHMMOCTH OT IpPOLIEHTA €XKETHEB-
HOH 3aMeHBI cyOcTpaTra B METAaHTCHKE I'a30BbI-
JIeNIEHUE MMEET OJIMH MaKCHUMYyM, KOTOPBIHA ISt
temriepatypsl 30°C nabmogaercs npu 20% 3a-
MEHEHHOTO cybcTpata, s temiieparypsl 40°C
— npu 10% 3ameHeHHOTr0 cyocTpara).

4. Jlns ompeneneHuss MaKCMMaIIbHOTO Ta30-
BbIJIeTIeHUs npu Temmeparypax 35°C u 50°C
HEOOXOJJMMO TIPOJOIDKUTH HCCIEAOBAHUS ISt
nonydeHus 1-2 touek Ha puc. 9: gna 50°C —
npubausuTensHo npu 10% exenHeBHON 3aMeHe
cyoctpara, a it 35°C — nipu 15%.
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INVESTIGATION PROCESSES OF GAS
WITH GRADUAL SUPPLY
OF SUBSTRATE IN DIGESTER

Summary. It is known that when the periodic
load the substrate into the digester a relatively
short 1-2 maximum peak output of biogas.

In this next phase of fermentation is character-
ized by a significant decrease in the yield of bi-
0gas.

For uniform distribution of the output of biogas
feed substrate is used gradually over time in the
digester, in which the substrate is fed during the
day a large number of small portions, with sim-
ultaneous removal of spent biosludge.

The aim was to determine the gassing studies
dynamics in the digester during the progressive
loading of the substrate (with the addition of
raw glycerol in an amount of 3% by weight of
the substrate) to different temperature regimes.

It was determined that the gas release at a grad-
ual loading of the substrate in the digester is
more uniform in nature as compared to the gas
release at periodical loading.

It means that biogas output values depending on
the temperature regime digester and download
options.

Key words: biogas digester, substrate, gradual
loading, crude glycerin, cattle manure, biogas
plant.
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IMPUMEHEHHUE BEPOATHOCTHOI'O MOJIEJIUMPOBAHUSA
JJISA TIPOT'HO3UPOBAHUSA BE3OIIACHOCTU CUCTEMbBbI «MEXAHU3ATOP-
MAIIAHHO-TPAKTOPHBIM1 ATPETCAT-IIPOM3BOJCTBEHHASI CPEJA»
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AnHoTauus. [Ipu momonm BepoATHOCTHOTO
MOJEJIMPOBAHUSA c HCII0JIb30BaHUEM
MAaTCMAaTUYCCKOI0  arrmapara 14 OIMUCAHHA
neneid MapkoBa ¢ JUCKPETHBIMU COCTOSHUSMHU
U HENpEPHIBHBIM BpPEMEHEM CJeNlaH IMPOTrHO3

0e30macHOCTH CUCTEMBbI «MEXaHHU3aTop-
MalllMHHO-TPAKTOPHBIN arperar-
MPOU3BOJACTBEHHAs] Cpela» B IEPCHEKTUBE
JIECSITUIIETHETO nepuoja JKCIUTyaTalllH.
Iporecc MPOXOXKJICHUS TPaBMOOMACHOI

CUTyallul pas[elieH Ha uYeTblpe JTana u
n3o0pakeH B popme rpada COCTOSTHUMN CHCTEMBI
«MEXaHM3aTOp-MaIlMHHO-TPAKTOPHBINA arperar-
IIPOU3BOACTBEHHAS cpenay. Jisa
MaTeMaTUYeCKOTO OMUCaHUs rpada COCTOSHUU
ObuIa ocTpoeHa cucreMa au (pdep eHITUATBHBIX
ypaBHeHuii Konmoropoa. Ha ocHoBaHnuu
cucrembl ypaBHeHuit KommoropoBa  Obuia
IIOCTPOEHA  MaTpulla  COCTOSIHMM,  pacuer
KOTOPOM  OCYIIECTBJISUICS ~ HpPU  IOMOIM
npeoOpazoBanusi  Jlamnaca. PesynbraTom
pacyeToB  CTAJI0 HAXOXKICHHE  (PUHAIBHBIX
BEPOSITHOCTEH CUCTEMBI, KOTOpbIE
XapaKTepU3UPYIOT NMpeObIBaHNE CUCTEMBI B TOM
WJIM UHOM COCTOSIHUM U CTPEMIIEHUH CUCTEMBI K
CTallMOHAPHOMY PEXUMY (DyHKIIMOHUPOBAHUS,
KOT/1a BEPOSITHOCTU €€ COCTOSHUN MPAKTUYECKH
HE U3MEHSIIOTCSL.

KawueBble ciaoBa. HenpepbBHBIE 1€mU
MapkoBa, MEXaHU3aTOPbI aArpONPOMBIITIEHHOTO
KOMIIJIEKCA, TpaBMOOIAacHas cuTyamnus, rpad

COCTOSTHUM  CIIydailHOTO MPOIIECCa, IMOTOKH
COOBITHH, = WHTEHCHUBHOCTH BEpPOSTHOCTEMN
nepexoja.

[NOCTAHOBKA ITPOBJIEMbI

CorinacHO CTaTHCTHYECKMM JaHHBIM O
COCTOSIHMM MPOU3BOJICTBEHHOIO TpaBMaTU3Ma B
VYkpariHe  arpompOMBINIICHHBIM  KOMILIEKC
(AIIK) mpomomxkaer ocTaBaTbCsi OIHOW U3
CaMbIX TPaBMOOITACHBIX oTpaciei
HaIlMOHAJILHOM DKOHOMHUKH.

Tax, 3a mociaemnue maTte Jjger 290
pabOTHUKOB arpapHoOil  OTpacid  MONYYHIIH

TPaBMBl CO CMEPTENBHBIM HCXOJIOM, YTO
coctapiseT okosio 20 % oT o01ero KoJIu4ecTBa
CMEPTENBbHO TPAaBMHUPOBAHHBIX 3a 3TOT MEPUOJ]
paOOTHUKOB BO BCEX OTpacisiX 3KOHOMHUKHU
Vkpaunsl. Haubonee  TpaBMoomacHoW u
pactipoctpanenHod B AIIK  mpodeccueit
ABJIsIETCSl Mpodeccus TPaKTopucTa-MalllMHUCTA
(MexaHu3aTopa), MOCKOJIbKY UX paboTa cBs3aHa
C TPUMEHEHHEM  pa3IMYHBIX MOOMJIIBHBIX
TEXHUYECKHU X CPEJICTB MPOU3BOACTBA (TPAKTOPHI,
KOMOAMHEI, CaMOXO JIHbIE
CEJIbCKOXO3SIICTBEHHbIE MAIMHBI U T.1.).
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NmenHo mnpu HSKCIUTyaTallud — YKa3aHHOM
TEXHUKA BO3HHMKAeT OOJbIIOE  KOJIUYECTBO
OMACHBIX CHUTYallui, IPUBOIAUMX K TpaBMaMm
Pa3IMYHOMN CTENIEHH TSKECTH.

B wacraoctu, B Teuenue 2010-2014 rr. BO
BpEeMsI  BBIMOJIHEHUS  arpOTEXHOJIOTMYECKU X
omepauuii  morubiau 78  TPAKTOPUCTOB-
MaIIMHUCTOB (MEXaHU3aTOPOB), YTO COCTABIISET
6oitee 27 % oT 001IEro KOJIMYECTBA CMEPTEIbHO
TPAaBMHPOBAHHBIX pPAaOOTHUKOB, 3aHATHIX B
CEJILCKOM XO3SICTBE YKpauHBI.

Jliis pa3paboTKu U BHEAPEHUS JCHCTBEHHBIX
51 3¢ eKTUBHBIX NpOQHUIaKTHYECKU X
MEPOIPUATUH U CPEJCTB MO CHUIKEHUIO YPOBHS
MPOU3BOICTBEHHOTO TpaBMaTH3Ma
MmexanuzatopoB AIIK HeoOxomumo mpoBecTu
UCCIEAOBAaHUSl €ro MNpPUYMH Ha OCHOBAaHUU
HanboJiee TPUEMIIEMBIX METOJZIOB U CIIOCOOO0B ¢
y4eTOM XapaKTepHbIX ocobeHHocTel
MEXaHU3UPOBAHHBIX MPOLECCOB B
arporpOMBIIITIEHHOM MPOU3BOICTBE.

TaxumMu  MeTofgaMU  SIBISIOTCS  METOJbI
BEPOSTHOCTHON OLIEHKM pHCKa HACTYIJICHUS
HECUACTHBIX CIIy4aeB, IIOCKOJIBbKY JIaHHBIE
METOJbl  TO3BOJISIOT  K3y4aTb  IPOLIECCHI
MPOXOKJAEHUSI ~ TPAaBMOOIIACHBIX  CHUTYalUil,
pazpabaTbiBaTh ¥ CBOEBPEMEHHO BHEAPSATH
COOTBETCTBYIOLIME MEpbl M  TEXHUYECKHE
cpencTBa 6€30MacHOCTH.

B 10 XK€ Bpems, CYIIECTBYIOIIME
UCCIeIOBAHUS mno OIpEeICIICHUIO
npodecCHOHaTbHOTO PUCKA MEXaHU3aTOPOB BO
BpeMst SKCILTyaTaI[uu pazITuYHOMN
CEJIbCKOXO3SCTBEHHOW TEXHUKU HE MO3BOJISIOT
IpOBECTH  INIIYOOKMHM  aHaau3  IPOLIECCOB
MIPOXOXKJCHHUSI TPABMOOIIACHBIX CUTYAIIHH.

HUcxonss w3  ykazaHHOro, JaJIbHEHIIME
Hccle0BaHUs mno MTOUCKY Haunboee
MPUEMIIEMBIX ~ METO/JOB  KOJIMYECTBEHHOIO
ONHUCAHUS MPOLECCOB MIPOXOXKIECHUS
TPAaBMOOMACHBIX CUTYyallUl TpPH JKCILTyaTaluu
CENBbCKOXO3SIMCTBEHHON  TEXHUKH  SIBISIOTCA
aKTyaJIbHBIMH.

AHAJIN3 TTOCJIEJHUX HCCﬂEI[OBAHHﬁ
N ITYBJIMKALIN

[Ipon3BOACTBEHHBII  TpaBMaTu3M, €0
aHaJIN3, OIMCAHUE IPOLECCOB IPOXOXKIECHUS
TPAaBMOOIIACHBIX CHUTYyallUil, KOJWYECTBECHHOE
ompeneneHue MpoPecCUOHATBPHOTO pHUCKA U

MOUCK A(PQPEKTUBHBIX TYTEH CHUXKEHUS €ro
YPOBHS J0 MPUEMIIEMbIX MPENEIOB MPUBIIEKACT
BHUMaHUE MHOTHUX CIEeLIMATUCTOB.
MHorounciIeHHbIe MyOJM KA K Kak
OTEYECTBEHHBIX, TaK U 3apyOEkKHBIX YUEHBIX
CBUJIECTENBCTBYIOT O CYIIECTBOBAHUHM MHOTHX
METOAOB W TOAXONOB K HCCIEJOBAHUIO
npoOsieMbl TPOU3BOACTBEHHOTO TPAaBMaTU3Ma B
LEeTIOM © pHCKa TONy4eHHS TpaBM Ha
mpou3BoACTBE B yacTHOCTH. Cpeam ITHX
METO/IOB MO>KHO OTMETUTh,  Hauboiee
pacrpocTpaHeHHbIe u3 HUX: METO/T
CTpyKTypHOro MojenupoBanus [1], wmeron
KOHIICTITYaJIbHOTO MOJIEIIoBaHHs [2], Meron
CTaTUCTHYECKOM OIICHKM YacCTOTBhI OMAaCHBIX
coobituii  [3-5], MeTom  «IBYXCTaIUHHOTOY»
aHaiu3a, MpPU KOTOPOM LIMPOKO HCHOJIB3YIOT
MaTeMaTH4eCKui armapar Teopuu rpados [6, 7],
METOJl Ha OCHOBaHMM TEOPHMH HEYETKUX
MHOXecTB [8], MeTo sKcrepTHBIX OIeHOK [9],
CTaTUCTUYECKUU METO.I [10],
mMonorpaduueckuii merox [11] u T.1.

Kpome ykazaHHBIX METOJOB A7l aHAlM3a
CTETIeHU pucKa TEXHOJIOTHYECKOTO
o0OpyIOBaHUsl MpPENIaraloT K MPUMEHEHHIO
TaKHe MeTOoauYecKue moaxoanl [12]:

- WHXEHEpHbII  (OCHOBBIBAaeTCS  Ha
CTaTUCTUYECKUX JIAaHHBIX, pacyerax 4YacTOThl,
BEPOSTHOCTHOM aHanm3e 0e30MmacHOCTH,
MIOCTPOEHUU JIepEBa ONACHOCTH U T.11.),

- MOJIeNbHBIN (OCHOBAHHBIN Ha MOCTPOCHUU
MOJICTT BO3JICHCTBUS BPEOHBIX M OIMACHBIX
MIPOU3BOJCTBEHHBIX (AKTOPOB Ha paOOTHUKOB),

- AKCTIEPTHBIH (BEpOSTHOCTH
HEXEJIATENbHBIX COOBITUHM  ONpEAeNsIOT Ha
OCHOBE orpoca HKCIIEPTOB W

KBaJTU (PUITUPOBAHHBIX CIICIIHAIKUCTOB).

B TO xe Bpems, HYXHO OTMETUTb, YTO
OTZENBHO B3AThl€, OHM HE MOTYT OIIMCaTh
pEaNlbHYI0 KapTUHY IPOLIECCOB IPOXOKACHUS
TpaBMoonacHblx cutyanuii B AIIK, a cama
cnenudrka CEJIbCKO X035 CTBEHHOIO
MPOU3BOJCTBA OYEHb 4YAacTO JelaeT JioOon
KayeCTBEHHBIN U KOJMYECTBEHHBIN aHAIN3bI 11O
3TUM METOAaM M TOAXOJaM  JIOCTaTOYHO
OTHOCHUTEJIbHBIMH U YCIIOBHBIMH.

[ToaTOMy, cTaHOBUTCS HEOOXOAMMBIM TTOMCK
TaKuX TEOPETHYECKH X MIPUHIUAIIOB u
METOJIMYECKU X MOAXO/0B, IIPUMEHEHUE
KOTOpbIX, MO3BOJNMJIO Obl 0oOjee TOYHO U
00BEKTUBHO HCCIEN0BaTh MpodecCruoHaTbHbII
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puck mexanuzaropoB AlIK, u Ha 3TOl OCHOBE
MPEATIOKUTH MYTH €T0 CHUKCHUSL.

Otcroma, psa  yuensix [13-15] 1npum
UCCIIEIOBAaHUN  SIBJIEHUS TPOU3BOACTBEHHOIO
TpaBMaTHU3Ma CTalld IHMpPe HUCIOIb30BATh
METOJBI  JIOTHYECKOTO ¥  MaTeMaTH4eCKOTO
MOJIETTUPOBAHHUSL.

OTH MeToAsl TO3BOJSIIOT 0ojee TOYHO
OTIPEENIATh PUCK BO3HUKHOBCHHS aBapuil W
HACTYIUIGHHS ~ TpaBM,  pa3pabarbiBaTb WU
BHEZIPSATH s pdexTuBHBIC Mepbl
MPEIOCTOPOKHOCTH.

OyeHb  OMPOKOE  MPUMEHEHHE Ui
WCCIICIOBAaHUS aBAPUHHOCTH U TpaBMaTH3Ma B
BEIyIIMX  OTpAaciHsIX JKOHOMHKH  HAIDIH
BEPOSITHOCTHBIE METOABI aHaju3a, TaAe UX
KOJIMYECTBEHHEIE u Ka4eCTBEHHBIC
XapaKTePUCTUKNA OIPEACISIOTCS C IMOMOIIIBIO
MeTo/Ia «jIepeBa o0Tka3oB» [16, 17].

VYKazaHHBI METOJ SBJIAETCS JOCTATOYHO
3((HEeKTUBHBIM U YIOOHBIM JIJISi OIEHKH DPHCKa
TPaBMUPOBAHUS PaOOTHUKOB Ha MPOM3BOICTBE,
OJIHAKO OH MMEET OIpEACIICHHOE OTpaHUUYCHUE
B IPUMEHEHHU OTHOCHUTEJIBHO KaueCTBEHHOIO U
KOJIMYECTBEHHOTO aHanmsza JTMHAMUKA
MPOXOXKJICHUST TPABMOOIMACHON CHTyallWd, B

YaCTHOCTH, TPOTHO3MPOBAHUS  TpPeObIBAaHUS
CHUCTEMBI «HeJIOBEK-MalMHAa-TPOU3BOICTBEHHAS
cpema» B OJHOM W3 COCTOSHUH  dYepe3

ONpeEIICHHBIN MPOMEKYTOK BPEMEHH.

B cBoro ouepenp, 3TO MO3BOJIAIOT CHENATH
METOAbI, B OCHOBC KOTOPBIX JICXKaT
HCCIIeIOBaHUS TTOBE/ICHUS YeJIOBEKa-OIeparopa,
MallMHBl W IIPOU3BOJACTBEHHOM Cpeabl Kak
3JIEMECHTOB I[EJIOCTHOM CHCTEMEIL.

OgauM ©3 TakkuX METOAOB  SBIISCTCS
CUCTEMHBII aHaJIn3 C MNPpUMCHCHHUECM
MaTEMaTH4YeCKOTO anmapata  MapKOBCKHX
CIy4allHBIX  HpPOLECCOB  C  JUCKPETHBIMU
COCTOSIHUSAAMU WU HEIIPCPBIBHBIM BPCMCHEM.

[NOCTAHOBKA 3AZTIAYN

Lensro HCCIIEA0BAaHUM SIBIISICTCS
KadyeCTBCHHAs n KOJIMUECTBEHHAs
XapaKTepUCTUKa  TIpolecca  MPOXOKIACHUS
TPAaBMOOIIACHBIX CUTYalluld, BEPOSTHOCTHBIN
aHAIM3 W TPOTHO3MPOBaHUE OE30MaCHOCTH
CHCTEMBI «MEXaHU3aTOP-MaIIMHHO-TPAKTOPHBIN
arperaT-Ipou3BOJICTBEHHAS cpena» B
IIEpPCIEKTUBE 10-tu  netHero nepuozaa

AKCILTYaTaAllMH CEJIbCKOXO3IMCTBEHHOW TEXHUKH .

N3JI0KEHWUE OCHOBHOI'O MATEPUAJIA

JetanbHblii aHaJm3 TPaBMOOIIACHBIX
CUTyallMii M WX TOCIEJICTBUMA, KOTOPBIE
npousouuin ¢ MexaHuszaropamu AIIK npu
JKCIUTyaTaluu MAaIMHHO-TPaKTOPHBIX
arperaToB  yKa3blBa€T HAa  ONpPEJAEICHHBIC
3aKOHOMEpPHOCTH HuX nporekanus. C 1pyroit
CTOPOHBI, HMCXOJS M3 CHCTEMHOIO IMOAX0/a K
UCCIIEOBAHUIO SIBJIGHUS IPOU3BOJACTBEHHOIO
TpaBMaTh3Ma,  paccMaTpuBaeM  MalMHHO-
TPaKTOPHBINA arperar 00 KOHQUTryparuu u
MEXaHWU3aTopa, a B OTAEIbHBIX CIIy4asx H
(akTOppl  MPOM3BOJCTBEHHOM  cpenpl, Kak
9JIEMEHTHl  LIEJIOCTHOW CHCTEMbI, KOTOpbIE
HaxoIATCs B TIOCTOSSHHOM B3aMMOJEHCTBUU
ApYT' € APYTOM.

YuuteiBasi 3TO, M3MEHEHHE COCTOSIHUS
Ar000r0 M3 JIEMEHTOB CUCTEMBI 110/ BIMSHUEM
pa3NUYHBIX  TPOU3BOACTBEHHBIX  (HaKTOPOB
HENPEMEHHO  NpUBEIET K  HM3MEHEHHIO
MIEPBOHAYAIILHOTO COCTOSIHUS CUCTEMBI B LIETIOM
[18].

Jns onucaHus NPOXOXKACHUS IPOLIECCOB
3apoXKAeHus, (GOPMUPOBAHUS M HACTYILICHUS
HECYACTHBIX  CJly4aeB  ObLIM  NPUMEHEHBI
MaTeMaTHUYeCKui armapar, pa3paboTaHHBIA B
TEOPUU  BEPOATHOCTEH Ui  MAapKOBCKHUX
CIlyJallHbIX ~ MPOLECCOB  C  JUCKPETHBIMU
COCTOSIHUSIMM U HEINPEPBIBHBIM BPEMEHEM, IPHU
KOTOPOM IIEPEXOJl CHUCTEMBI «MEXaHH3aTOp-
MTA-nipou3BOACTBEHHAass cpena» (mamee —
cUCTeMa S) C OJIHOTO COCTOSIHHSI B JIpyroe
BO3MOXXCH B JIt00OM, 3apaHee HE W3BECTHBIN,
CIIy4allHbIii MOMEHT BpeMeHHU t.

IIpu paccMoTpeHMH CilydaillHBIX IPOLIECCOB
C JUCKPETHBIMHU COCTOSIHUSIMUA U HEIPEPBIBHBIM
BpEMEHEM yIOOHO MPEACTABISTH IEPEXO/bl
CUCTEMBI S M3 OJIHOTO COCTOSIHHS B JIPYro€ Kak
Takue, KOTOpbIE IPOUCXOJAT IO BIIHUSIHHUEM
ONpPEJENIEHHbIX TIOTOKOB COOBITUM WJM B
MaTepUaAIM30BAHHOM IIPEJICTABJIEHUN OMACHBIX
MPOU3BOJCTBEHHBIX (PAKTOPOB KaK «OMACHBIX

Bo3ieiicTBuil  sHeprum» [19]. Ilpm sTOM
IUIOTHOCTH  BEpOATHOCTEH  mepexoma A
NOJy4aloT  COAEpKaHWE  WHTEHCHBHOCTEH

COOTBETCTBYIOIIMX IMMOTOKOB coObITHIA. [Iporecce,
KOTOPBIA TIPOXOJUT B cucTreMe S, Oyaer
MapKOBCKUM, €CITM BCE YyKa3aHHbIE ITOTOKU
coOBITHH Oy/IyT MyacCOHOBCKUMH (OpAMHApHBIE,
0e3 IMOCIeNercTBUs, C IIOCTOSHHOW HIJIHA

3aBHCHMOM OT BPEMEHH HMHTEHCHUBHOCTHIO) [20,
21].
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Jlnst mpuMepa 066110 U30paHo OJJHO U3 CaMbIX
TUIUYHBIX HE)KeJIaTeNIbHbIX COOBITHI,
MPOUCXOAAIMX C MEXaHW3aTOpaMU BO BpeMs
sKcITyaTanuu pasnuyHbix MTA u camoxo THBIX
CENBbCKOXO3SIMCTBEHHBIX MaIlmH —
TPaBMUPOBAHUE MEXaHU3aTopa  OOJIOMKAMU
JIICKa KoJieca BO BpEMsI HaKauMBaHUS KaMepbl
BCJIEJICTBHE €€ B3pPbIBa.

I'pa¢ cocrosHuii mpouecca MNPOXOKIACHUS
YKa3aHHOTO HEKEIaTEeIbHOTO COOBITUSA
npencrasieH Ha puc. 1. C puc. 1 BumHO, 4TO C
MomeHTa BBeneHuss MTA B 3Kcmiyaramuio
cucremMa paboTaeT B MCIPABHOM COCTOSHUHU Sp,
B KOTOPOM OHA MOKET HaXOJIUThCA BECH MTEPUO
cBoeil  paboThl, BIJIOTH JO BBHIBOAA U3
skcrryaTanuu.  OJHako, KaK  IOKa3bIBaeT
MpaKTUKa, 4Yepe3 HEKOTOPBII Meproa BPEeMEHU
MOJ BO3JCHCTBUEM TIOTOKOB COOBITHH C
MHTEHCUBHOCTBIO Ag1 CHCTEMa MOXET MepeiTH B
HEHCIIPAaBHOE COCTOSTHUE S1 (B TAaHHOM cllydae —
paboTaTh MpH HATMYUU TEXHUYECKUX J1e PEKTOB
U TpEeUMH B JHUCKE KOjJeca U CTOINOPHOM
KOJNbIe). Bmpouem, 3TO ele He BIUSET Ha
CHOCOOHOCTh HAallled CHUCTEMBl MPOJOKATH
paboTaTh B 3aJIaHHOM pEXUME.

Pabotas B cocTostHuM S1 110/ BO3ICHCTBHEM
HOTOKOB COOBITMA C WHTEHCHUBHOCTBIO Aig,
CHUCTEMa MOXET BEpPHYThCS Yepe3 HEKOTOpoe
BpeMss o0paTHO B cocTosHHE Sp (3aMeHa
HETPUTOIHBIX K JaJIbHEH IIeMy HCITOJIB30BAHUIO
M0 TEXHUYECKUM MPUIMHAM KOJIEC TPAKTOPA).

OpnHako, uepe3 OIpeaesieHHbIE OIMOKU
MEXaHHM3aTopa, I10J] BO3JCHCTBHEM ITOTOKOB
COOBITMH C MHTCHCHMBHOCTBIO A12, CHCTEMa
MOXKET TIEPEHTH B COCTOSHHE Sy, KOTOpOE
XapaKTepU3U P yeTCs MONaJaHueM MeXaHHu3aTopa
B TpPaBMOONACHYI CUTYal[UI0, a HWMEHHO —
B3PBIB KaMephl Kojeca TpaKropa BO BpeMs
HaKauyMBaHUs 0€3 WCIOJIb30BaHUS MAaHOMETPA U
TEXHUYECKUX CPEJICTB 3alMTHI.

Jlanee CyllecTBYIOT HECKOJbKO BapHaHTOB
pPa3BUTHS HEXKETATETFHOTO COOBITHUSL:

@) TOJ BO3JICHCTBUEM IMOTOKOB COOBITHI C
WHTCHCUBHOCTBIO A1 CHCTEMa BO3BpAIlACTCS B
MpeXHEe COCTOSIHHE Si, B KOTOPOM MOXKET
npoAoKarh  paboTrath W JANbIIe, WM
BIIOCIICJCTBHU 10 BO3JACHCTBHEM ITOTOKOB
COOBITHI C MHTEHCHUBHOCTBIO A19 BO3BpAIACTCS
B MCXOJIHOE COCTOSIHHE Sp,

= s | A | s

0 = 1 Lt

10

21

Puc. 1. I'pad cocrosHMIA mporiecca MPOXOKIECHUS HEXKEIaTeIbHOTO COObITHS « TpaBMUpoBaHue

MCXaHU3aTopa 00JIOMKaMu JAUCKa KOJICCa BO BpEMA HAKaUMBAHU A KaMCPbI BCJICACTBUC €C B3PLIBA»:

So — cucrema paboTaeT B HCIPABHOM COCTOSIHMM, Si — CHCTeMa paboTaeT B HEHCIPAaBHOM
COCTOSIHUHY (HAJIHUME TEXHUUYCCKUX J1¢(PEKTOB M TPEIMH B JAMCKE KOJIeCa M CTOIMTOPHOM KOJIbIlE), S»
— MomaJjaHue MCXaHH3aToOpa B TPaBMOOIIACHYHO CUTYAIIUIO (B3pBIB KaMCpPhBI KOJICCA TPAaKTOpa BO
BpEMs HaKauUWMBaHHA 0€e3 HCIIOJIB30BAHUS MAaHOMETpa U TCXHUYCCKUX CPECACTB SaHII/ITBI), 83 —
Mepexo/i TPaBMOOITACHOW CHUTYallMU B KPUTHYECKYIO CHUTYaIlUiO (TPaBMHPOBAHHME MEXaHU3aTopa B
pe3yabTaTe MOMaJaHus B HEro pasjieTaronmxcs (parMeHTOB JHMCKa KoJieca)

Fig. 1. State graph of the passage of undesirable events «Injury mechanic debris disk wheel
during pumping chamber due to its explosion:

So — the system is running in good condition, S; — the system operates ina faulty state (presence
of technical defects and cracks in the disc wheel and the retaining ring), S, — hit mechanic in
traumatic situation (explosion chamber wheel tractor during inflation without pressure gauge and
technical means of protection), Sz — transition traumatic situation in a critical situation (as a result of
injury mechanic hit by flying fragments wheel drive)
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6) 1O BO3JIEHCTBUEM IOTOKOB COOBITHH C
MHTEHCUBHOCTBIO A3 CHCTEMa TMEpPEeXOJUT B
COCTOSIHME S3, KOTOpPOE XapaKTepU3HPYeTCs
MepexoIoM  TPaBMOOIACHOW  CHUTyallUHM B
KPUTHYECKYIO (TPaBMHPOBAHHE MEXaHU3aTOPA B
pe3ylibTare MOIaJaHus B HEr0 Pas3IeTaroNXCs
(dparMeHTOB AHMCKa KoOJieca) W TOCIEIYIO M
BO3BpAIllCHUEM TIOJ BO3JEHCTBHEM IOTOKOB
COOBITHH C HHTEHCUBHOCTBIO A3 B COCTOSIHHE S1,
B KOTOPOM CHCTEMa, ITOJ00HO 0OCTOSTEILCTBaM
10 MYHKTY @, MOXKET padoTaTh U B JalbHEH IIeM,
WJIA BIOOCJIEACTBHU, IO BO3JIEHCTBHEM ITOTOKOB
COOBITHI C MHTEHCUBHOCTBIO A109, BEPHYThCS B
HCXOJIHOE COCTOSIHHE So.

3Has pa3MEYeHHBIH Trpad  COCTOSIHUH,
MOKHO OIpEAETUTh BEPOSTHOCTU COCTOSHUMN
Hale CcHCTeMbl Kak (YHKIUU BPEMEHH.
B  dacTtHOCTH,  yKa3aHHBIE  BEPOSTHOCTH
VIOBJIETBOPSIIOT cucteMe AuddepeHIInaTbHbIX

ypaBHenuii  Kosmmoroposa, B KOTOPBIX
HEN3BECTHBIMU GbyHKIMAMU SIBJISIIOTCS
BEPOSTHOCTH COCTOSIHUMN CHCTEMBI [22]:

dP (t)

— =4 R () + 4R (1),

dP (t)

= AoaPy (t) = (Ao + 5) P + A, Py (1) + A, P (1), (1)

dP (t)
dt
dP (t)

= A1, (1) = (A1 + A3) B (1),

= AP (1) - 4R (),
c HOpMI/IpOBO‘-IHbIM YCIIOBHEM
RO)+RO)+R0+A0)=L
BBojst K paccMOTpEeHHIO BEKTOP- QyHKITHIO
P(t) = (R,(t), R.(1), P, (1), R(t))

Y MaTpULly HHTEHCHBHOCTEN

_ﬂm ﬂ‘10 0 0

A= /101 _/110_212 j*21 A@l , (2)
0 /112 - j*21 - 223 0
0 0 /123 - 2’31
MOJKEM IIEpENHCcaTh CHCTEMY YPaBHCHUU
KonmoropoBa B BHAE clEnyrOLIEW JIMHEHHON
MATPpUYHON  cUCTeMbl  TuddepeHIHaTbHBIX
YpaBHEHUI:
dP dP(t) _ AB),
dt 3)

FO=3 PO =1 R©)20

Jns  pemieHUsT  CUCTEMBI
MPUMEHSTh npeoOpa3oBaHus
Cornacho [23] i pyHKUIMH

f (t) ee mpeoOpa3oBanue Jlannaca umeeT BU!

@)

MOKHO
Jlamaca.

F(p)=[e™f(t)dt. )
0
Torma  mPOM3BOIHOM f'(t) Oymer
COOTBETCTBOBATH (DYHKITHSL:
pF(p) - f(0). (5)
OOparHoe npeoOpa3oBaHme Jlannaca
OCYILECTBIIAETCS CIIEAYIOIIM 00pa3oM:
1 t+ioo
f(t)=—- [e"F(p)dp. (6)
27Z1 t—ioo
Iycts  Bekrop-pynxuus  7(P) umeer

CHEAYIOLMI BUJ:
7Z(p) = (7o (P), 7, (), 7, (P), 75 (P)), (7)

rae: 7,(p),i = 0,3 — cooTBeTCTBYOLIME 06Pa3bl

¢yHkumit  cocrosHuit P (t),i=03 B ciydae
npeoOpazoBaHus Jlannaca. Torma
maddepeHunanbHas cucrema (3) mpeBpaTuTcs B
JUHEWHYIO aJITeOpanyecKyr0 CHCTEMY:

@)

7=Qrx+0d,
rae: matpuna Q u Bekrop § COOTBETCTBEHHO
UMEIOT BUJ!

©)
(10)

Q=74
p
_ 1
G- (R0)R0) 0. PO)
WK B Pa3BEPHYTOM BHUJIE:

%(p)z—%no(p)ﬁm(pw@.

:a(p):”‘;l o (p)- “W”)m(p)wm( ) Plg”, (11)

() :&”1(p)—Mﬂz(p)+M’
P p D

n(p)="21 ()—%() RO
p p

C YCIIOBHEM N, (p)— L.
Zﬁ.(p) A

i=0

[IpeoOpazyem cucremy (8) K BUY:
(1-Q)7=4g.

Bo3mosxHBI 1Ba ciyyast:

1) det(1 —Q) = 0.

Torma cymecTByeT €IMHCTBEHHOE peIcHUE
MatpuyHo# cuctemsl (12) B BuE:

7=(1-Q)"gd (13)

Beimonnenne HOPMUPOBOYHOTO — YCJIOBHS
MPOBEPSIOT HEMOCPEACTBEHHOW IMOJICTAHOBKOU
MOJIY4EHHOTO peIlleHHUs,

2) det(1 -Q) =0.

B oatom cayuae

(12)

peUICHUC ManHqHOﬁ
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cuctemsl (12) cymecTByeT He ISl BCEX MPaBbIX
yacTten §, a MMIIb 1 T€X U TONBKO TeX § ,
KOTOpBIE YJIOBJIETBOPSIOT YCIOBHUIO!
P g=0.
n(-o"Y 0
IIpy  BBITONHEHWH  HTOTO  YCIOBUSA

MHOECTBO PEUICHWH TaHHOW CHCTEMBI OyaeT
UMETh BH/I:
7=(1-Q)" g+PyoC (14)

JInsi mpoOM3BOJIBHOTO BeKTOpa € eR*, Tae
marpuna (I - Q)" — nceBgoobpaTtHas mo Mypy-
[Menpoysy marpuiie (I - Q) [23].

Bemmonusss ~ oOpatHoe — mpeoOpa3oBaHuUe
Jlannaca u mpoBepsis HOPMHUPOBOYHOE YCIOBUE,
HAX0/JMM HCKOMOE pachpeieieHne COCTOSHUN
CHCTEMBI.

s pacuera K03 (PUILIEHTOB
MHTCHCHBHOCTEH NIePEX0/I0B CHCTEMBI
«vexanuzarop-MTA-nipou3BoACTBEHHAS
cpenay HCIIOJTb30BATUCh yCpenHEHHbBIE
cTaTHCTUYeCKHe aaHHbIe: ['occrara YkpawHb
OTHOCHUTEIIBHO OOIIETO KOJMYECTBA TPAKTOPOB,

KOTOpbIE HaXoJATCs Ha Oanance
CEJIBCKO X0 351 CTBEHHBIX NpEANPUATUH,
I'occenbxo3nHCIEKINT YxpauHbl o

KOJIMYECTBY TPAKTOPOB, IKCILITyaTaIl sl KOTOPHIX
3afpelnieHa M3-3a  HEYAOBJIETBOPUTEIBHOIO
TEXHUYECKOTO COCTOSIHM S KoJIec,
l'ocropnpomHamzopa VYKpauHBl O  CIydasx
TPaBMHUPOBAHHU A MCXaHU3aTOPOB npu
HaKa4YMBaHWUN TCXHUYCCKU HCHCIIPABHBIX KOJICC
TPaKTOpOB, a TakKe OJKCIEPTHHIE OLICHKH
CIELUAINCTOB OTHOCUTEIBHO BEPOATHOCTEH
OTJIEBbHBIX COCTOSIHUM MIPOLIECCOB
MPOXOKJAEHUSI TPABMOOIIACHBIX CUTYaLIU .

B pesynprare aHammsza COOTBETCTBYIOIIMX

COOTHOIICHWH,  XapaKTepU3YIOIMX  KaXk1o0e
COCTOSIHUE HCCIIEyeMOH CHUCTeMbl, ObUIH
MIOJIyYEHBI clleqyronme K03 PPUITEHTHI
MHTEHCUBHOCTEI:

- CpPEeIHEeCTaTHCTUYECKOE KOJIMYECTBO KOJIEC
TpakropoB — 299440 equnmuil,

- KOJHMYECTBO TEXHUYECKH HCIPABHBIX
Kojiec TpakropoB — 263507 exunuir (Ao = 0,88),

- KOJIMYECTBO TEXHHYCCKH HEHCIIPABHBIX
Kojiec TpakropoB — 35933 exununsl (Ao1 = 0,12),

- KOIMYECTBO TEXHUYECKH HEHCIPABHBIX
KOJIEC TPAaKTOPOB, KOTOPHIC OBLIM 3aMECHEHBI Ha
HOBBIC MJIK OTPEMOHTUPOBAHBI — 8264 eAMHHUIIBI
(A0 =0,23),

- KOJNUYECTBO TEXHUYECKH HEHUCIPABHBIX
KOJIEC ~ TPaKTOpPOB, KOTOpBIE  MPOJOJKAIOT
IKCIUTyaTHpoBath — 27669 emunuir (h11 =0,77),

- KOJUYECTBO TEXHHYCCKH HEHCITPABHBIX
KOJIEC TPAKTOpOB, JKCILUIyaTallUsi KOTOPBIX
MpuBeNa K HACTYIJICHUIO TPaBMOOMACHBIX
cutyanuii — 2767 equnwuil (A2 =0,1),

- KOJIMYECTBO TPaBMOONACHBIX CUTYalUd,
KOTOpbIE IIEPENUIN B KpuTHUeckue — 553 ciayuas
(A23=0,2),

- BO3BpallleHHME U3  TPaBMOOIACHBIX
CUTyalluii B HEHWCHOpaBHOE cocTosiHue — 2214
ciyuaes (A21 = 0,8),

- BO3BpAIlICHUE U3 KPUTUUECKUX CUTYaIil B
HEUCIPABHOE COCTOsSIHME — 9553  ciyyas
(7\,31 = 1,0).

B osrom cnydae Oymem uMeTh MaTpuily
MEPEXOJ0B COCTOSSHUN CHUCTEMBI:

-012 0,23 0 0
| 012 -0,9 0,8 1
|0 067 -1 0
0 0 02 -1
Pemass  ypaBHenume  KoamoropoBa u

YYUTBHIBasi HOPMUPOBOUYHOE YCIIOBHUE, MOJIY4aEM
TpEXIapaMeTpUUeCKyl0 CEMbIO BEpPOSITHOCTEH
COCTOSIHUM CUCTEMBI

P, (t) = —0,0901c, (0,235)" —0,0753c, (0,2618)" —
—0,8417¢,(0,7947)" + 0,515,

P(t) = 0,5211c,(0,235)" +0,3997c, (0,2618)" +
+0,4016¢,(0,7947)" + 0,269,

P,(t) = —0,7756¢, (0,235)" —0,7875c, (0,2618)" +
+0,3494c, (0,7947)" +0,18,

P,(t) = 0,3446c,(0,235)" + 0,4631c, (0,2618)" +
+0,0907c, (0,7947)" +0,036.

Jlnst TOTO, YTOOBI BBITIOJIHSIIOCH
HOPMHPOBOYHOE YCJIOBHE, HYXHO TIOJIOXKUTH
KOHCTAHTEI C1 = C,=0, c3=0,5.

Torma  QyHKOUM  COCTOSHUU
MPEJICTAaBUTD B CIEAYIOIIEM BH/JIE:

P,(t) = 0,5(0,7947)' (—0,8417) + 0,515,
P.(t) =0,5(0,7947)' (0,4016) + 0,269,
P, (t) =0,5(0,7947)'(0,3494) + 0,18,
P,(t) = 0,5(0,7947)"(0,0907) +0,036.

MOXKHO
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Puc. 2. I'padmiku KWHETHYECKUX 3aBUCUMOCTEN BeposiTHOCTEH P cocrostamii cuctemsr (S, S1, So, S3)
Fig. 2. Graphs of kinetic dependences of the probabilities P system states (So, S1, S2, S3)

QOuHanbHbIE paclpeieNeHUs BEPOSITHOCTEH
OyIyT COCTaBJISTh:

Po(t) = 0,515, Pl(t) = 0,269, Pz(t) = 0,18,
P3(t) = 0,036.

I'padukn  KMHETHYECKUX  3aBUCHMOCTEH
BepositHocTel P cocrostnuii cuctemsr (So, S, Sz,
S3) mpezcTaBieHbI Ha pUC. 2.

D710 3Ha4YUT, 4To 51,5 % TpaKTOpHUX KOJEC
OyoyT HaXOOUTHCS B MCIPABHOM COCTOSHHH,
26,9 % mnepelyT B HEUCIIPAaBHOE COCTOSHHUE,
AKCILTyaTalus 18 % IIPUBEJIET K
BO3HMKHOBEHHUIO TPABMOOMACHOW CHUTYyallUH, a
36 % — K KpPUTHYECKOM  CHTyallu
(TpaBMHpOBaHUE MEXaHU3ATOPA).

BbIBO/IbI

1. IlpuMeHeHNE MaTeMaTUYEeCKOIO amapara
JUIsl OlMcaHus 1eneid MapkoBa ¢ JUCKPETHUMHU
COCTOSIHMSIMM W HENPEPBIBHBIM BPEMEHEM, KaK
OJIHOTO U3 METOJOB BEPOSITHOCTHOIO aHAIN3a
CIIy4alHbIX cOOBbITHI IO3BOJISIET
KOJINYECTBEHHO OLICHMBATh pHUCK

TPAaBMUPOBAHUS  TPAKTOPUCTOB-MAIIMHHUCTOB
IpU  JKCIUIyaTalUM  MAalIMHHO-TPAaKTOPHBIX
arperaToB M HaxXOAWTh BEPOSATHOCTH Ha BCEX
JTamax pasBUTHUS IIpoliecca MPOXOKIACHUS
TPaBMOOIIACHBIX CUTYyalMH, a TaxoKe
IIPOTHO3UPOBAaTh  BEPOATHOCTH  HAXOXKICHUS
CUCTEMBI «vexannszarop-MTA-

MPOU3BOJCTBEHHAsI Cpella» B TOM HJIU HHOM
COCTOSIHUM 4epe3 ONpPEeIeICHHbIN MPOMEKYTOK

BPEMEHU.
2. IlporHo3Hble MoOKa3aTeNH BEPOSITHOCTEH
W3MEHEHUN COCTOSIHU I CHUCTEMBI
«vexannzarop-MTA-nponsBoacTBEHHAS
cpeaa» Ha OCHOBHBIX MMPOU3BOACTBCHHBIX
nponeccax B AIIK yka3piBaroT Ha TO, 4TO B
cCpeaHe- M JOJTOCPOYHOM  IEPCIEKTUBAaXx
yKa3aHHas cucrema npuodperaer

CTAllMOHAPHBIM  peXuM  (yH KIHOHUPOBAHMUS,
KOTJ]a BEPOSITHOCTH €€ COCTOSIHUM MPaKTHYEeCKU
HE U3MEHSIFOTCSI.
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USING PROBALISTIC MODELING
TO PREDICT THE SECURITY
OF SYSTEM «MECHANIC-TRACTOR
UNITS-ENVIRONMENT»

Summary. Using probabilistic modeling using
mathematical tools to describe Markov chains
with discrete states and continuous time made
the forecast system security "mechanic, tractor
units and production environment” in the long
term of ten years of operation. The process of
passing the traumatic situation is divided into
four stages and is depicted in the form of the
state graph of the "mechanic, tractor units and
manufacturing  environments.”  For  the
mathematical description of the state graph has
been constructed system of differential
equations of Kolmogorov. On the basis of
Kolmogorov it was built matrix states, which
are calculated using the Laplace transform. The
result of the calculations was the final
probabilities of finding the system that
characterize the system stays in a particular state
and the aspiration system to the stationary mode
of operation, when the probabilities of its states
virtually unchanged.

Key words: continuous Markov chain,
machanizators of agro-industrial complex,
dangerous situation, state graph of random
process, streams of ewvents, intensity of
transition probabilities.
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CEJIbCKOXO3MCTBEHHBIX MAIIWH
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Annoranus. HMcciaenoBaHBI OITHMaiIbHAS
HNEepPUOAUYHOCTh U 00BEM paboT IMIIaHUPOBAHUS
TEXHHUYECKOTO OOCTY>KUBAHUSI MAIH.

Ananus CYIIECTBYIOIIX METO/I0B
OTpe/IeeHUs ONTUMAJIbHBIX CPOKOB
MPOBEJICHUS TEXHMYECKOTO OO0CITY)KHBaHUSI.

ITpn JKCILTyaTalluu MallliH Ui
JIECOTEXHUYECKUX pabor HE00X0UMO
oOecrieueHus BBICOKOM BEPOSATHOCTH
0e30TKa3HOM paldoThl MPH KX MHUHUMAIBHOM
IPOCTOE.

B Takux yclIOBHSX CTOMMOCTHBIE KPUTEPUU
WIM YacTHUYHbIE IMOKAa3aTeM BEPOSTHOCTH
0€30TKa3HOi paboThI, Kod(pdunrenTa
TEXHUYECKOTO HCITOJIb30BaHU s, KOd(pPUIIHEeHTa
TOTOBHOCTU B3ATbl€ B OTAEIBHOCTH HE MOTYT
ObITh TPHUHATHI B KaueCTBE KPHUTEPHS IpHU
OTIpe/ICTICHUH ONITHMATBHOCTH CHCTEMBI
obecrieueHus1 pabOTOCIIOCOOHOCTH.

CBs3p MEXIy NapaMeTpoM-NPUYMHONA U
apaMeTpOM-CJICICTBUEM MOXKET OBITh OMHCaHa
KaK AaHaJUTHYECKOH, TaKk M 3MIIMPUYECKOM
3aBUCHMOCTBIO.

Ilpu oToM, ecim mapamerp SBISETCS
CJICZICTBUEM HECKOJIBKUX MapaMeTpoB- MPUYHH,
TO 3aBHCHUMOCTb C  KKABIM M3  HUX
OINMCHIBAETCS B MPEANOJIOKEHNN MTOCTOSHCTBA.
OCTAJIbHBIX MapaMeTPOB-TIPUUHH.

VYKazaHHbIE 3aBHCHMOCTH ONPEIEISIOTCS
TOJBKO  MEXIy  [apamMerpaMH  COCEIHUX
yYpOBHEH (IPUHLIMIT HETTOCPEACTBEHHOCTH).

[ToaTomy B KayecTBe I1OKa3aTesst
3(GQPEKTUBHOCTH  HCIIOJIB30BAHUS  MAIMHBI
HY)KHO NPUHUMATh KOMIUIEKCHBIM IOKa3aTelb,
KOTOPBINA KOJIMYECTBEHHO OIICHUBACTCS
IIPOM3BEJICHUEM  BEPOATHOCTH  0O€30TKa3HOU
pabotel  Ha  KOI(DPUIIMEHT  TEXHUUYECKOTO
MCIIOJIb30BAHMSL.

KioueBble  cjI0Ba:  IEpUOJUYHOCTD,
paboTOCIIOCOOHOCTh, ~ MAIllMHA,  KPUTEPHid
ONTUMAIBHOCTH, IKCILITyaTaIusl.

[NOCTAHOBKA ITPOBJIEMbI

CocrosiHue AJIEMEHTOB MeXaHu3Ma
W3MEHSETCS B MPOLECCE €ro 3KCILUTyaTalluu B
TECHOM B3aUMOCBSI3U JPYT C APYIOM.

HecmoTps Ha TO, YTO 3TOT mHpoLEecc
MOABEP)KEH  BIUSHUIO  psAAa  CIy4ailHBIX
(hakTOpOB, B3aMMOCBSI3b MEXAY HW3MEHEHUEM
COCTOSIHHMSI OTJICJIbHBIX AJIEMEHTOB HJIM 3BEHBEB
MOJKET OBITh omucaHa MPUYNHHO-
CIICICTBEHHBIMU  CBSI3IMH,  OOpa3yrOIMMU
NPUYMHHO-CIIECTBEHHYIO MOTENh MEXaHHU3Ma U
MOJAAIONMMHUCS KOJIMYECTBEHHOU OLICHKE.

Jns Toro, 4roObl B JanbHEWIIEM HE
MPOUCXOAUIIO TEPMHUHOJIOTUYECKON MyTaHUIIBI,
KpaTKO OCTAaHOBMMCSI Ha HEKOTOPBIX TEPMUHAX,
WCIONB3YeMbIX ~ HAaMH  TPU  IPOBEJICHUH
JMArHOCTHYECKOTO aHalln3a MEXaHN3Ma.

[Tox cocrosiHueM MexaHU3Ma Mbl TOHUMaeM
Ka4eCTBEHHYIO OIICHKY CIIOCOOHOCTH OOBEKTa
BBITIOJIHATh 3aJaHHbIE TPH KOHCTPYUPOBAHUU
GbyHKIIHH.

CBoiicTBO 00BEKTa, ONPEACISIONEEe €ro
CIIOCOOHOCTh BBIMOJHATH 3a/JlaHHbIC (YHKIUU,
MOJIYYUJIO Ha3BaHUE MMapaMeTpa COCTOSHUSL.

Ecnu B xauectBe 0OIIEH OIEHKU COCTOSIHUS
MEeXaHu3Ma MPUHSATh €T0 OCHOBHOM BBIXOJHOM
CUTHQJI, TO Ha €ro BEIWYHUHY NPSAMO WIHU
KOCBEHHO OyIyT OKa3bIBaTh BIIMSIHHE TakK
Ha3bIBAEMBIE AKTUBHBIC TAPAMETPBI COCTOSHUSL.

OpnHako B J1I000M MEXaHM3ME €CTh IpyIma
MapaMeTpoB COCTOSHUS, HE OKa3bIBAIOIMX
BIIMSIHUSI Ha BEIMYUHY OCHOBHOTO BBIXOJHOTO
CUTHAJa, U B TO XK€ BpPEeMs ONPEACIISIOMMX
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paboTOCIIOCOOHOCTD OTJEIbHBIX y3J10B
MEXaHH3Ma.

Takue napaMmeTpbl MOJTYIUIIN
HAaMMEHOBAaHHE TTaCCUBHBIX.

Kak AKTHUBHBIC, TakK n ITaCCHUBHBIC
napameTpsl COCTOSIHU, MOTYT OBITH

pEryIUpYeMbIMH M HEPETYJIHPYEeMBbIMH, YEM B
3HAYUTEIFHON Mepe OIpeNeNnsieTcs Xapakrep X
BIIMSIHUS HA COCTOSTHHE MEXaHU3Ma.

AHAJIM3 TTOCJIEJJHUX UCCJIEJOBAHUI
Y ITYBJINK ALTAIA

Benuunba mapaMeTrpa COCTOSIHHSL MOXET
ObITh ompeneneHa (u3MepeHa) 0e3 pazdbopku
MexaHu3ma [1].

JI71s1 3TOTO MCIOJIB3YIOTCS IMAarHOCTHYECKUE
CHTHAJIbl, BO3HUKAIOIME B Ipolecce padoThl
MEXaHM3Ma, U BOCHPUHHUMACMBIC CICIIHAIbHOM
M3MEPUTENBHOM ammaparypoit [2, 3].

[lpuctynas K JUArHOCTHYECKOMY aHAIIU3Y
00beKTa, HEOOXOIMMO  TpPEXJAe  BCEro
OIPEICTUTh €r0 OCHOBHOM BBIXOJHOW CHTHA
[4]. [nst TpakrOopHOrO ABHTATENs, HAlPHMED,
TaKUM  CHUTHAJIOM  siBiisieTcss  dddekruBHas
MOIIHOCTD, JUIsS KAaKOTO-JIH00 Hacoca OCHOBHBIM
BBIXOTHBIM CHTHAJIOM SIBIISIETCS ero
OPOM3BOIUTEIBHOCT (TP  ONpENeNICHHBIX
YCIIOBHUSX) U T. 1. [5].

CreayloumM aroM sIBIISICTCS OTIPE/ICIICHIE
OPUYMH, HEMOCPEACTBCHHO BIUSIONMX Ha
BEJIMYMHY OCHOBHOTO BBIXOJHOTO cHTHaja [6].

TpeboBaHMe HEOCPEICTBEHHOCTH BIIUSHUS
SBJSIETCS  O0SI3aTEIBHBIM, €CIIM  MbI  XOTHUM
MOJIYYUTh MPABUIIbHOE MPEICTABICHUE O CyMME
NPUYKMH, BIUSIONMX Ha BEIMYUHY OCHOBHOTO
BBIXO/IHOTO CHTHaJIa MeXaHu3Ma [7].

[IpaBHIILHOMY OIPEEICHUIO TIPUYHH YaCTO
CIIOCOOCTBYET ~ HMMEIOIIAsCS ~ aHAJIMTHUYECKas
3aBUCHMOCTh OCHOBHOTO BBIXOJHOIO CHTHAJIA
OT BEJIMYHMHBI TapamMeTpoB-npuuuH [8].

Eciu  TakoM  3aBHCHMOCTH  HET, TO
napameTphl-TIPUIHHbBI yCTaHaBJINBAIOTCS
IMIIUPHYECKUM 1myTeMm [9].

B  cBow  ouepenb,  yCTaHOBJICHHBIE
napameTpbI-IIPUIHHBI, caMu SIBJISIFOTCS
CIICICTBHEM JICHCTBUS psfa IPYyruxX IPHYUH,
IpU OMNPEICIICHUH KOTOPBIX TakoKe 00s3aresiecH
npuHIUI HernocpeacTBennoctu [10].

[lpogomxkas  MOMOOHYHO — JETaM3AIUI0
OPUYMH M CICICTBHIA, MOKHO JIOCTHYb JFOOOT0
YPOBHS TMPUYHH, BIUIOTH 1O MOJEKYJISIPHOTO

[11]. Ecnu mpu4MHBL U CIIEACTBUS YCTaHOBIICH b
NIPaBUJIBHO, T. €. YYTCHBI BCE CBSI3U NPUYUH U
CIIEACTBUH, TO B PE3YJIbTaTe Mbl IOJIy4aeM
IIPUYUHHO-CJIEACTBEHHYIO MOJIEIb MEXaHU3MA.
Jns mpakTHYecKUux UeNied AUarHOCTUKU
OKa3bIBAETCS BIIOJIHE JOCTATOYHBIM Ha HU)KHEM
YPOBHE IIPUYMH OIPAHUYUTHCS BHEIIHUMHU
YCIIOBUSIMH, B KOTOPBIX pabOTaeT TO HJIM MHOE
3BeHO .MexaHu3ma [13]. DTOT ypoBeHb IPUYHH
HaMH YCJIOBHO 0000IIAETCS MOHITUEM «BpPEMS
paboThl», XOTS KOHKPETHO Ha 3TOM YpPOBHE
MOTYT HaxXOOUTBHCS Takue .JPHYUHBI, Kak
BEJIMYUHA MPUIIOKEHHOMN Harpy3Ku,
NPOMJEHHBIA ITyTh, TEMIIEPATYpa, BIIAKHOCTH,
JaBJIeHUE, 3aMbUICHHOCTh BO3ayXa | T. . [12].

OnHako,  TOCKONBKY  3TH  INPUYUHBI
ABJISIFOTCS. BHEIIHHUMHM HO OTHOLIGHHIO K
paccMaTpuBaeMoMy MEXaHU3MY, OHU

O6’beI[I/IH$IIOTC$I YKa3aHHBIM IMOHATUEM «BPCMSD).
Hanee Oynmer moka3aHa d(QPEeKTHBHOCTH
9TOTO TpUeMa JAJs TONYYeHHS MPAKTUUYECKUX

pe3yIIbTaToB NPUYHHHO- CJIECTBEHHOTO
ananu3a [13].

PaccmarpuBas BOTIPOC OPUYHHHO-
CICICTBEHHOTO aHajM3a MEXaHHU3MOB, HEIb3s
HE  BCIIOMHHTH O TOM, 4YTO  IIE€PBBIC

NPaKTUYECKHE TIOMBITKA TaKOTO TMOAX0da K
OIMCAHHWIO TpOIecca HM3MEHEHHS] COCTOSHUS
MEXaHU3MOB  MPEINPUHATHI B  OTHOIICHUHU
TOPMO3HOH CHCTEMBI aBTOMOOHJIS c
TUJIPABINYECKUM TPUBOAOM [14].

AHAJOTUYHYIO METOIMKY MPUMEHWINA MPH
MOCTPOCHUHU (YHKIMOHATIBHOM MOJICTIH
KapOIOpaTOPHOTO  JIBUTaTeNii  BHYTPEHHEIO
cropanus [15].

Kak yka3piBaiy camu aBTOPBI, MOJyYCHHBIC
rpad-MozenM  CHUCTEM  CIOYKWJIH  OOJIbIe
WJLTIOCTpaLueH, HEXEM  HMHCTPYMEHTOM
WCCIICIOBAHUS KOJIMYECTBEHHBIX IIOKa3aTelei
CBsI3€H MpUYKH U caeacTBuii [16].

HayaB Hamm wccremoBaHusi TPUMEPHO C
TaKoro e ypoBHs [17], MbI 3aTeM OOHApYXUIH,
91O MPUYHHHO-CIICJICTBEHHASI MOJIENb
nojyiaeTcsi BechbMa S((EKTUBHOMY aHAIH3y C
MPUMCHCHHEM psina KOJIMYECTBEHHBIX
xapakrepuctuk [18].

B 3Tux mensx Mbl HCIIOJIB30BAIM IPEIK/IC
BCEr0 aHAJIOTHIO PacCMATPUBACMOW CHCTEMBI CO
CTPYKTYPOH HM3MEPUTENIbHBIX MPUOOPOB MPH
MPOBEACHUYU aHalKM3a MPUYUH, BIUSIOINMX Ha
TOYHOCTb MX MOKa3aHui [19-21].
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I[TOCTAHOBKA 3AJAYHN

CBsi3p MeXIy IapaMeTpOM-IPUYMHON U
apaMeTpOM-CJIEICTBUEM MOXKET ObITh ONMCaHa
KaK AaHaJUTHUYECKOH, TaK U HMIHPUYECKOU
3aBucuMocThiO. Ilpu 3TOoM, eciau mnapamerp
ABJISIETCS CIIEJCTBUEM HECKOJBKUX IapaMeTPOB-
OPUYUH, TO 3aBHCHUMOCTb C KaXIbIM M3 HHX
OMUCHIBAETCSI B MPEAINOJIOKEHUN MOCTOSHCTBA.
OCT&JIBHBIX IapaMeTPOB-NPUYMH. YKa3aHHbIE
3aBUCUMOCTU ONPEIEIAIOTCA TOJIBKO MEXKIY
rapaMeTpamMM COCEAHUX YpOBHEW (MpUHIUII
HEIOCPEJICTBEHHOCTH).

N3JIOKEHWUE OCHOBHOI'O MATEPUAJIA

B o0meM Buzae 3TH 3aBUCUMOCTH MOIYT

OBITH TIPEJCTaBIEHBI Kak 1% (H’ﬁ’j+1 , e N —

HOMEp YpOBHS, i, | — HOMepa MapaMeTpoB Ha

COOTBCTCTBYIOIIICM YPOBHCE. I/IH,Z[eKcaMI/I «II» U
«C» 0003HAYCHBI InpuinHa 1 CJICACTBUC.

Bocnonp3oBaBumch TEPMUHOJIOTHEH
CTPYKTYpHOTO  aHajiu3a MEXaHU3MOB  [6],
BBEJIEM MOHSATHE repeaaToyHoro

ko3(ppueHTa 5. NpenCTaBISAIOLIETO CcO0Oi
npejes OTHOIIGHUs NpUpallieHus Napamerpa-
CIEICTBUS K  IPUPAIICHUIO  I1apaMmerpa-
MPUYNHBI, KOT/Ia TOCJIEIHEE CTPEMUTCS K HYITIO:

S, =1lim LA (1)
P — N .
ji ATl -0 AHII_\[’]j*'l

OTta dopmysia 1aeT BO3MOXKHOCTh 3aMETUTh,
4YTO TMepenaToyHbld  kod(puuuent S Moxer

ObITh Kak Oe3pasMEepHBIM B Ciy4ae, eCid
CPAaBHUBAIOTCSI BEIWYMHBI C OJMHAKOBBIMU

pPa3sMEPHOCTAAMU, TaK M PasMEPHBIM, €CIHU
pasmepnoctu I, wu Il pasznuunel. B
JanpHeleM — OyneT  MokKa3aHo, YTO  Ha
KOHEYHOM pe3ynbrare pacuera aTa

0COOEHHOCTb HE OTPAXKAETCSI.

Ecmu 3aBucumocts I (Il;) HenmHeliHa, TO
OUEBHJIHO, YTO BEIMYMHA S HE OyleT WMeTh
IMOCTOSIHHOIO 3HAYE€HWs Ha BCEM HanasoHe
n3meHenus I1,. Jlns ynpoieHus: mpakTH4ecKoro
pacueta TaKylo 3aBHCHUMOCTb MO3KHO
anmpOKCUMUPOBATh MPSIMOW C MPUMEHEHUEM,
HalpUMEpP, METOJa HAMMEHBIMX KBaJIPaTOB.
[Ipu 5TOM, €cTecTBEHHO, MOSBISETCS HEKOTOPast
MOTPENHOCTh, BEIMYMHA KOTOPOW IepeMeHHa
Ha BceM auanasone usmenenus [1,. Beuay Toro,
yto BenuuuHbl I, wu Il,, Kak mnpaBuio,
WU3MEHSIOTCS JIMIb Ha HEOOJBIIOM Y4acTKe
BO3MOKHOTIO JManasoHa H3MEHEHUH,

A pPOKCUMAIHATO MPSIMOA MOKHO
OCYILIECTBIISITh JIMIIb JUIsI 3TOTO Yy4acTKa, YTO
3HAYUTEIHHO CHUIKAET O OKY
A pOKCUMAIUH.

3aBucumocth [I(Il;) MoxkeT OBITH Kak
NpsAMOM, Tak U oOpaTtHOM. B mocneanem ciyuae
kodbduimerT S OymaeT MMETh 3HAaK MHHYC,

CBUJETEIBCTBYIOIMH O  TOM, 4YTO C
YBEITUYEHUEM napameTpa-npuYrHbI
HMPOUCXOAUT YMEHBIIICHIE napamerpa
CIIEICTBUS.

[epenaToynblii  KOAPOUIIUEHT S CIyKHUT
BCIIOMOTaTEJIbHbIM CPEICTBOM JUISt
ONpENENeHUs] psla APYTUX KOJIMYECTBEHHBIX
CBA3E€H MEXIy IapameTrpamu. XapakTepHO, YTO
JUIsL BCEX CBS3€H, KPOME CBS3U C IPUYUHOU

«BpeMs», BEPOSATHOCTHAs COCTABJIAIOL@S B
BEJIMYMHE  TMEepefaToyHoro  kodduireHTa
BECbMa HE3HauyMTeJIbHA (32 HCKIIOYEHHEM
OLMOOK HU3MEPUTEIBHBIX npuoOpoB,

MPUCYTCTBYIOIMX B SMIUPHUYECKUX CBA3AX).

Mexay M3MEHEHHEM IapaMeTpa HUXKHEro
YPOBHS U U3MEHEHUEM <«BPEMEHU» TaKKe
CYLIECTBYET  ONpEIENICHHas  3aBUCHUMOCTb,
KOTOpasi MOXeT OBbITh  OXapaKTepu30BaHa
IepeaTOYHbIM K03 (ppueHToM. 10T
nepeaaTo4HbIi ko3 (hpuLeHT OTpaXxaer
JMHAMHUKY U3MEHEHMs IapamMeTpa BO BPEMEHH.
On NpeAcTaBisieT  coOOW  OTHOIIEHHE
OpUpalleHus  M3MEHEHMs  IapaMeTpa K
NpHUpAIlCHUIO BpeMeHH. B  ommmume oT
OOBIYHOTO MepenaToyHOro Kod(puiimeHta 3TO
OTHOILIEHWE Ha3BaHO HaMU KO3(p(ULIHEHTOM
JuHaMu4HOCTH D mapamerpa.

O4eBUIHO, YTO KaXKIbIH M3 MapaMeTpoB,
BXOJSIIIMX B MPUYUHHO-CIIEICTBEHHYIO MOJIEIb
MEXaHMU3Ma, JOJDKEH UMEThb CBOH Kod(ppuineHT
JUHAMUYHOCTH, TaK Kak B MU3MEHEHUE JaHHOIO
rnapaMeTpa BHOCHT CBOIO JIOJII0O U TMapamerp-
NpUYMHA, UMEIOUMN HEMOCPEICTBEHHYIO CBSI3b
C MapaMeTPOM «BPEMD».

Ha puc. 1 noxazana Homorpamma,
cilyxaliasg s omnpeneneHus KodpduimeHTa
nuHamMuuHOCcTH Dj, HexoToporo mapamerpa Il
CBSI3aHHOTO 3aBUCUMOCTBIO ¢ napameTpoM Ily;.

W3 puc. 1 cnenyert, uto
il
—L =tanad,
drn

nj

di,;
—I = tan «a,
dt

Beienacreue yero dll,; = tan 6 tan adt, oTkyna
Il.;
Mo D;=tanf8tana =S;,D,.
dt jij
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I—IC Hci t

Puc. 1. Cxema k pacuery ko3dduimenta
JUHAMHUYHOCTHU

Fig. 1. Scheme to calculation of dynamic
factor

Takum  oOpazom, JuIi  OHpeAeNeHus
KOX(PUIIMEHTa TUHAMAYHOCTH I-TO Mapamerpa
N-r0o ypoBHSI HEOOXOJMMO 3HATh MEepelaTOYHbII
Kod(ppuIeHT Mexay j-M mapamerpom (N+1)-
ro ypoBHs u I-M mapamerpoM N-ro ypoBHs, a

Takke  KOIPPUIIMEHT JAUHAMHYHOCTH  |-TO
napametpa (N+1)-ro ypoBHsi.
Ecnm TaHHas BETBh MPUINHHO-

CIIEICTBEHHON Mozaenu umeer L ypoBHe#, To
st mapamerpa (L—1)-ro ypoBHs Kod(xpuiireHT

TUHAMUYHOCTH  OyZIeT HMeTh  3HadYCHHE
DL—1 — SLDL
u aHanornyno DL~? = §E-ipl-1 = gl-1glpl
DN — DL Hg+1 Sm1 (3)
rmeem=LL—-1,L—-2,...,.N+1.
dopmyna 3) JaeT BO3MOXKHOCTh
MPOCIICIUTh  IMMOCIEAOBATEIIBHOCTD  BIIUSIHUS

IapamMeTpoB M0 HEKOTOPOMY OJHOMY IIYTH OT
HU3ILETO JI0 BBICIIETO YPOBHSL

Ecnim  napamerp 1Y, 3aBucur or =n
napamerpoB-nipuurH (N+1)-ro ypoBHs, TO Iuis

kaknoi maper ceszeit I1.(MIN*Y), e x — 1, 2,
n, MOTYT OBITb HaliJeHbl 3HAYEHUS

K09 (QUINEHTOB TMHAMHYHOCTH:
D;= Sy;Dy. 4)

CymMapHO€ BIUSHME BCEX MapaMeTpoB-

npuurH  (N+1)-ro ypoBHsI Ha mapamerp-
cienctBie  N-Tro  ypoBHS  BBIpakaeTcs
dopMyInoit:

D; = X1 SkiDy. ()

W3 dopmynsl (3) HETPYAHO TaKKE 3aMETHUTh,
4TO JUI OIpEeNIeIeHHs 3aBUCUMOCTH ITapaMerpa

BBICHICTO YPOBH:A oT BpEMCHU HET
H CO6XOIlI/IMOCTI/I HUCCIICAOBATh 3Ty 3aBUCUMOCTD
HCTIOCPCACTBCHHO.

,HOCT&TO‘IHO JIMIIb OIIpCACIINTD

KO3(DUIIMEHTH JUHAMHUYHOCTH IapaMeTpOB-
NPUYMH HHU3IETO YPOBHS W HE JOMYCTHTH

CYLICCTBEHHBIX IIPOCUETOB B  OIPEAEICHUU
IIepEeUHsl ATUX NapaMmeTpoB-nipuunH. Ha puc. 2

(1 - wuHOuKaTopHas  MOIHOCTh, 2 —
WHIMKaTOPHOE JaBJICHHUE,
3 — uumcino oOopoToB Bana aBurartens, 4 —
JaBJIeHHE KOHIIA TOpPEHHsS, 5 — I[OKa3arelb
MOJIMTPONBI  paclMpeHusi, 6 — T[oKa3arelib
paboTBl  perynaropa, 7 —  KayecTtBO

pacnbUIMBaHUs TOIUIMBA, 8 — YroJ Hadyaia
BIpbICKa, 9 — KO3(PUIIEHT OCTATOUHBIX TA30B,
10 — maBieHme xoHma cxartus, 11 — nUKIOBas
nmojada TOmMBa, 12 — W3HOC pacHbLIUTENS:
13 — nmaBneHue Hadana BHOpbICKa, 14 — W3HOC
pacnpefenuTeNbHbIX ImecTepeH, 15 — wu3Hoc
Kylayka  TOIUJIMBHOTO Hacoca, 16 -
kod(purineHT HamonmHeHus, 17 — mokazaTenb
MOJIMTPONIBI  CKaTHsA, 18 — mHeBMaTHYeckas
MJIOTHOCTH MUIUHIPa, 19 — u3HOC MTyH)KEpHOM
napbl, 20 — U3HOC HArHETAaTENbHOTO KIaraHa:
21 — compoTHBJICHHE TOIJIWBOMpPOBOMAA, 22 —
’KE€CTKOCTh MPYKUH perynsropa,
23 — U3HOC JeTanell perynstopa, 24 — naBiieHue
KOHIIa BBIXJIONA, 25 — [aBiieHME KOHIIA
BcachiBaHus, 26 — TemmepaTypa CTEHOK
OUIUHIpa, 27 — W3HOC «IHJIMHJP-TOPIICHBY,
28 — M3HOC WIOPIIEHb — KOJbIa», 29 — U3HOC
(acox wmanmanoB, 30 — CKOpPOCTh JBHWIKECHHS
BBIXJIOMMHBIX Ta30B, 31 — (assl BBIXIOMHOTO
K1anaHa, 32  —JIMTENBHOCTH  OTKPBITOTO
COCTOSHHUS  BBIXJIOIHOTO KiIamaHa: 33 —
JUTUTEIIEHOCTh OTKPBITOTO COCTOSTHHS
BCACBIBAIOIIIETO0  KJIalaHa, 34 -  ¢a3sl
BCACHIBAIONIETO  KjamaHa, 35 — CKOpOCTh
NBYDKEHUSI BO3Ayxa, 36 — 3aCOPEHHOCTH
BOJITHOTO pajuaropa, 37/ — HATsDKCHHE PEMHS
BEHTWJISITOpa, 38 — TONNMHA HAaKUNKM Ha
pyoamke, 39 — 3aCOpPEHHOCTh TIIYIIMTEINS,
40 — Bpems-ceueHue BbIxiona, 41 — wusHOC
MIECTePHU paclpeneNuTebHoro Bama, 42 —
W3HOC, TMIOJIIMITHUKOB  PacHpeaeaIuTeIbHOr0o
Bana, 43 — BpeMms-ceueHUe BcachiBaHus, 44 —
3aCOPEHHOCTh BO3JyXOOUUCTUTENSA, 45 — U3HOC

rHe3Ja BBIXJIIOIMHOIO KiamaHa, 46 — wu3HOC
BBIXJIOITHOTO ~ Kynauka, 47 — 3a30p Mexay
KOPOMBICIOM M CTEp)KHEM  BBIXJIOITHOTO

KianaHa, 48 — 3a30p MeXIy KOPOMBICIOM H
CTepKHEM BCAaCBIBAIOIIETO KiamnaHa, 49 — u3Hoc
BcachlBamomEero kymauka, 50 — wm3HOC rHe3na
BCACBIBAIOIIETO KJIaraHa) MOKa3aHa MPUYUHHO-
CIIEJICTBEHHAsT MOJIENIb JU3EIbHOTO JBUTATEIIS
BHYTPEHHETO CTOpaHUSL.
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AN

19)(20) (22) (22) (23)

| lMapamemp qacy

Puc. 2. [lpuunHHO-CleACTBEHHAs MOJIENb JAMU3EIBHOIO ABUTareis (PparMeHT C aKTUBHBIMHU

rmapamMeTpamH )

Fig. 2. Causal model of the diesel engine (the fragment with the active options)

B osroit MOJCIM B Ka4C€CTBC OCHOBHOIO
BBIXOJHOI'O CHTHAJIa IIPpHUHATA HWHAWKATOpHAaAd

MOIIHOCTb JIBUTATEJIS. HanmenoBannus
I1apamMmeTpoB MOJIENH IIPUBEICHBI B
ITOJPUCYHOYHOU HAAIHUCH.

ITomnrmo OCHOBHOTO Kkod(dunreHTa

JAHAMUYHOCTH, KaXKJbIA ITapaMeTp, UMEET el
U J0JeBOM KOA(UIMEHT JAUHAMUYHOCTH d,
ITOKA3bIBAFOIIH M Ty 4acThb U3MEHEHU S
rmapaMeTpa BBICILIETO YPOBHsS (B HAIlleM cCllydae
— UWHJAUKATOPHOM MOIIHOCTH) BO BPEMEHH,

KOTOpas  BHOCHUTCS  JICWCTBHEM  JaHHOTO
napamerpa. [oneson KO3(ULIHEeHT
JTUHAMUYHOCTH JIFOOOTO TapaMerpa HMeeT

pasMepHOCTH Ko3(hpULIMEeHTa JUHAMHUYHOCTH
rmapamerpa BbICHErO ypoBHs. PopMmyna [yt
nojcyera KodpuimeHTa TMHAMUYHOCTH UMEET
BUL:

_ 2 ¢k
rne. D; — coOcTBeHHBI  KO3(PPUIIMEHT
JAMHAMHYHOCTH  i-To  mapamerpa, SF —

nepenaToyHbie  KOO(PPUIIMEHTHl MapaMeTpoB
LENOYKH OT I-10 110 |-ro ypoBHSI.
OCHOBHBIM CBOMCTBOM JI0JIEBOTO

KO3(pUIIMEHTa JIUHAMUYHOCTH SBJISETCS TO,
9TO OH TMIO3BOJIIET ONpPENeNTUTh Hamboee
cmaboe 3BeHO (mapameTp) JaHHOTO MEXaHH3Ma
M0 TMpU3HAKY MaKCUMAJIbHOTO BIHMSHHUS Ha
U3MEHCHHME I1apaMeTpa I-ro ypoBHs, T. €. IO
MaKCHUMYyMY JOJI€BOTO KOA(pUIIHEHTA.

Eme OIHOMN KOJIMYECTBEHHOM
XapaKTepUCTUKON MPUYUHHO-CJIEICTBEHHOMN
MOJEIN  SBJSETCS KOI(PPULIMEHT BIHUSHUA,
NPEACTABIIAIOMN coboit [IPOU3BEACHUE
MepeIaTOYHbIX K03 (ppUIIHEeHTOB Ha

IIOC/IEA0BATENbHON LIEMOYKE OT HUBIIEro J0
BBICHICTO YPOBHS:

B = D;I1; s*. ()

KoadduuueHt BausHUA MOXKET HUMETh

PA3IMYHBIC 3HAYCHHUA HaA Pa3IM4YHbIX MIYTAX

BIMSHUSA JIaHHOTO IapaMeTpa Ha Iapamerp

BhICIIETO ypoBHs [lyreil BiusHUS MOXET ObITh
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OT OJHOTO JO HECKOJbKUX JIeCATKOB, Kak
HalmpuMmep y TmapaMmerpa «3a30p  MEeXIy
KOPDOMBICJIOM W CTEp)KHEM KIamaHa» TIs

OJTHOTO LMJIMHJpA JABUTaTeNsl), uMmerouero 23
Pa3MUYHBIX TYTH BJIUSHUS Ha BEJIUYUHY
WHJAUKATOPHOH MommHocTH (cM. puc. 2). B
pacyere IOJDKEH HCIOJIB30BATHCS CyMMAapHBIH
KOO(OUIMEHT BIMSHUSA TIO BCEM IyTSIM
BIIMSTHUSL

3HaK Ko3(pdULHEHTA BIUSIHUS MOXET OBITH
KaK TIOJIOKUTEIBHBIM, TaK U OTPHUIATECIBHBIM,
opuyeM, Ha pa3HbIX IYTAX BIMSHUAA 3HAK
Kod(dunieHTa MOXeT OBITh pPa3IMYHBIM H
JUIIb TPH  CYMMHPOBAaHWH  OKOHYATENBHO
onpeensiercs 3Hak Ko3(ULIMEeHTa BIUSIHUS.

[lepeuncnennoie BBIIIIE YeThIpe
XapaKTePUCTHKA MPUYUHHO-CIICICTBEHHOM
MOJIENTU JTAal0T BO3MOXKHOCTh PelaTh LeNbli psi
BAXHBIX IPAKTHYECKHX 3a1ad. Ha HeKoTophix
U3 OTHX 337ad MBI U OCTaHOBHMMCS HHUXeE, HO

NpEeKIE  PAacCMOTPUM  OIHY  OCOOEHHOCTh
W3MEHEHHS  KOO(PPUIIMCHTa  JUHAMUYHOCTU
mapaMeTrpa HI)KHETO ypPOBHS B  IpoIecce

HKCILTyaTaluu 00BEKTA.

Peus uzaer o ToM, 4yTO BEIMYMHA [TapameTpa
HIJKHETO YPOBHS B OOIIETO Cllydae B CHIY psia
IPUYMH HU3MEHSETCSI BO BPEMEHM HEIMHEWHO.
HaOnroparonmecs  JMHEHbIE  3aBUCUMOCTHU
SBIIAIOTCS JIMIIb YAaCTHBIMU CIydasiMH OOIIei
3aBUCHMOCTH, OIIMCBIBAEMOM 3JIEMEHTAPHOU
CTETIEHHOH (pyHKIHEH TuTa:

IM=at?. (8)
rae: U — Tekymee Bpems, a — KOd(DUITUEHT,
XapaKTepU3yIOIMi Macimrad 3aBUCUMOCTH, b —
IIOKa3aTelb, IOCTOSHHBIA Ul JAHHOIO THUIIA
COTIPSIKEHUSL.

[Ipomuddepenupora Beipakenue (8) mo
BPEMEHHU, MOJydUM OOIIee BBIPAKCHUE IS
Kod(UIIMeHTa TMHAMUYHOCTH TTapaMeTpa:

D = abt?1, 9)

Pacnonaras JKCIIEPUMEHTAIBHBIMU
JaHHBIMH O BeIMYMHAX KOI(DPUIIMEHTOB a u
nokaszateneii b mapameTpoB HMKHEro ypoBHS,
MOJIB3YACh NPUYMHHO-CIEICTBEHHOW MOJIENbBIO
MO’KHO OIPEIENUTh MOKa3aTeIu 3aBUCUMOCTEN
OT BPEMEHM IapaMeTpPOB BBICUMX YPOBHEH, B
TOM 4YHUCJIE W IlapamMeTpa IEpBOTO0 YpPOBHS
(ocHOBHOTO BBIXOJIHOTO curHana). Mcmnomias3oBan
MMEIOLMECS IKCIIEPUMEHTANIbHBIE JAHHBIE, MBI
MPOM3BENM TOMOOHBIA pacueT s MOAEIH,
n3o0pakeHHO Ha puc. 2. B pesymbrarte
pacueta ObuH MIOJIyYEHBI 3HAUYEHUS

MOKa3zarejaell CTENeHW JUisl BCEX IapaMeTpoB,
BXOJSIIIMX B JaHHYIO Mojesib. HekoTopwie u3
HHX IPUBEICHBI B Ta0. 1.

Tab6aumuma 1. 3HaueHWs  TOKasaTelleH
CTCIICHU, IIOJYYCHHBIC pacdy€TOM IPUUYUHHO-
CIIEJICTBEHHON MOJIENA

Table 1. Values of the exponents obtained
by the calculation of a causal model

3HaucHHE
HammeHnoBanue mapamerpa | moxazatens
b

®a3pl razopacnpeaencHus 1,16

JlaBreHue KOHITA BBIITYCKA

ra3oB 1,13

JlaBieHue koHIIa

BCAChbIBaHUA 1,98

[luxnoBas mojaya TOILIMBA 1,09

VYron Havana BOpeICKa

TOILIMBA 1,25

JlucriepcHOCTB

pacnuiIMBaHUs TOIJIMBA 1,05

[IneBMaTHYecKas MIOTHOCTh

UJIUH]IPA 1.86

[loxaszaTenp MOIUTPONBI

CKaTus 1,39

JlaBieHuE KOHIIA COKATHUS 2,00

[loxaszaTenp MOIUTPOIBI

pacimpeHus 1,93

JlaBiieHHE KOHI1a TOPEHUS

TOILJIMBA 1,37

NuaukatopHasi MOLHOCTb

JIIBUTATEIIS 1,88

Ucnonezys MPUYNHHO- CJICICTBECHHYIO

MOJIe]Tb, MOXHO YCTaHOBHTH IPEICIIbHBIC
3HAQYCHHUS TIMapaMeTpOB HWKHHX YPOBHEH,
3a/1aBIINCh peIeIbHBIM U3MEHEHUEM
rmapaMeTrpa IEpPBOTO  YPOBHs.  3aJaBIIMCH

YMEHBIIICHHEM [IIMHAPOBON HHINKATOPHOM
MommocTd 32 500 wyacoB paboOThI, MBI
OTIPENICTUIIN, Ha KAKYI0 BEIMYNHY U3MEHSTCS 32
9TOT K€ MEePHOJI MapaMeTpbl HUKHUX YPOBHEHA.
Hekxotopeie  pe3ynbrarel  3TOro  pacuera
MIPUBEJCHBI B Ta0I. 2.

AHanu3 JaHHBIX TaOl. 2 yka3plBaeT Ha

Hanbonee cirabnie MmecTa CUCTEMBI
«J/IBuraresnby». [IpoBeneHue mogo0O0HOroO pacuera
O3BOJISET JIOCTATOYHO 000CHOBAHHO

YCTaHaBJIMBAaTh AONYCTUMBIC U TIPCACIBHBIC
S3HAYCHUA HapaMeTpPOB COCTOSAHUA MEXaHH3MaA.
HpI/I 9TOM, KOHCYHO, BCCCTOPOHHC HOJIKHO

160



MBAH POI'OBCKUI

ObITE  O0OCHOBAHO 3aJaHHOE W3MEHEHHE
napameTrpa nepBoro ypoBHSL.
Taoaumna 2. 3HauyeHuss  U3MEHEHUU

napameTpoB 3a 500 4, IMOJIydEHHBIE pacueToOM
MPUYUHHO-CIECACTBEHHON MOJEIIH

Table 2. The values of changes in the
parameters over 500 h obtained by calculation
of the causal model

3HaueHue
HanmenoBanue napamerpa
rapameTposB
IluxiroBas mogava TOILIMBA -7,02%
VYron Hayana BOphICKa 10°
TOTUIMBA ’
JlaBreHue Havayia BUPbICKA -40%
Hatsoxenue peMus
P -52,5%
BEHTHIIATOPA
3a30p B MeXaHHU3MeE
p +0,16 MM
ra3opacrpeIeiICHus
3acOpPEeHHOCTh
P +200 %
BO3TyXOOUHCTUTEIS
VYTonanue KianaHoB +0,056 mMm
W3Hoc kymaukoB
Y +0,14 MM
pacmpeneMTeIbHOTO Bajia
W3noc no TonumHe 3yda
pacIpeIeaIuTeIbHON +0,055 MM
IECTePHU
W3Ho0Cc moAnmnHuKOB
o +0,027 Mm
pacmpenenuTeIbHOrO Bajga
3acOpEeHHOCTh BOISIHOTO
P A +0,5%
paauaropa
VBennueHue ciiosl HakKuIu B
+0,2 MM
pybarike
W3Hoc neraneii pacbpuUIATENs +48%
H3meHenne xecTKOCTH 20
MPYKUH PEryJsITopa

B zakmrouenue paccMOTpPUM, Kak MIPpUIUHHO-
CJICACTBCHHAsA MOZCIIb IIOMOract YCTAaHOBHTH

ONTUMAJBHYIO MEePUOAUIHOCTD
PErYIIUPOBOYHBIX u b110)%07 0.4 pabor,
HalpaBJICHHBIX HA YaCTUYHOE HWIJIM ITOJTHOE
BOCCTAHOBJICHUE paboTocnocoOHOCTH
MeXaHU3Ma.

Kak yxe yka3bsIBajoch BbILIE, HA N3MEHEHHUE
OCHOBHOIO BBIXOJHOI'O CHTH&Ja OKAa3bIBAIOT
BJIUSIHUE OJHOBPEMEHHO U HE3aBUCUMO APYr OT
JIpyra JAB€ TIpyIIbl IapaMETPOB COCTOSHHUS:
peryliupyemMble U HEPETYIHPYEMBIE.

[Ipenmonoxum, YTO  BOCCTaHOBJICHUE
HOMUHAJIBHBIX 3Ha4YCHU U peryaupyemMbIx
[1apaMeTpPOB IIPOUCXOIUT OAHOBPEMEHHO.

C Hayama DOKCILUTyaTalldd JO0 MOMEHTA
HepBOﬁ PEryJinpoBKd BCJIWMYMHA OCHOBHOI'O
BBIXOAHOI'O CUTHalla HU3MCHACTCA Io
HEKOTOPOMY 3aKOHY:

— bl
I, =a, .

rae: t;; — TeKyIee BpeMs B IEPBOM IIEPHOJIE.

W3meHenus, BHOCMMBIC B BenuuunHy Il
rnapaMeTpamu NEepBOM  TPYIINbl, MOXHO
BBIPA3UTh AaHAJIOTUYHBIM 3aKOHOM:

b
— p
I, = aptip , (10)

a rmapaMeTpaMu BTOPOU TPYMIIBI — OAO0HOM Ke
(bopMyIoii:

b
I, =a.tm,

. = At (1)
CoOTBETCTBEHHO K03 (pprIIEeHTHI
JMHAMUYHOCTH OCHOBHOTO BBIXOJIHOTO CHUTHAJIa

U JIBYX IPYIII [1apaMETPOB-IIPUYUH UMEIOT BUJ:
an, _

D,="t= btbl Y (12)
dIl -1
D, = dd“t Hthl n (14)
Hrak, B HaYaIbHBIN IEPUOL
I, = l'Ip +I1,,,
a
D, = D]D + D..

[locne Toro, kak Obla MpoBeJeHa IepBas
PETYJIINPOBKA BCEX PETYIHPYEMBIX IapaMeTPOB
OJTHOBPEMEHHO W  HUX 3HAueHus ObuM
BOCCTAHOBJIEHBI /10 HOMHHAJIBbHBIX, BEIUYMHA
U3MEHEHHS MapaMeTpa BBICILETO ypOBHS Oyner
paBHa JIMIb [JOJIE HW3MEHEHMS, BHECEHHOU
TPYIIION  HEPETYJINPYEMBIX MapamMeTpoB 3a
Bpems 1.

I, =11,.

Jlng Tpynmsl peryaupyeMbIX I1apaMeTpoB C
MOMEHTa  PEryJupOBKA  OTCYET  BPEMEHHU
HAaYMHAETCs] C Hylsd, BBHJAY Yero Ipymnmna
perylupyemMplX  IapaMeTpoB  BO  BTOPOM
IIEpUOJE BHOCUT U3MEHEHU B Bennuuny 11 1o
MIPEXKHEMY 3aKOHY:

b
I, =a, t.”,
p p

D, = apbptl” -

B 1O xe Bpems rpynma HeperyaupyeMmblxX
MapaMeTpOB H3MEHSIETCI B COOTBETCTBUM C
dopmynamu:

I, = a,(t, +t,),
b, (t; + t;,)Pn 1,
rae: t1 — AIMTENBHOCTh MEPBOTO Iepuoxa, tr —
TEKyllee BpeMsi MEXIy I[epBOM M BTOPOM
peryanpoBKaMu.
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B cBs3u ¢ aTuM
b
— — 4 b
=0, +0, = aptip + a,(t; + t;,)",
Dy=D,+D,=ayb,t.” '+
1= Pp T Pu = Apbply
b,~1
a,b, (t; +t;;)" 1t
OnucaHHbIN npolecc OyaeT IPOUCXOAUTH U
B MOCJIE YOI X nepuoaax MEXIy
pEeryaIupoBKaMH, IO3TOMY B OOLEM BHJE B
IepuoJ m BeIMYMHA HM3MEHEHUs MapaMmerpa
BBICIIETO  YPOBHS M €ro  Ko3(ppuiueHT
JTUHAMUYHOCTH COCTaBST:
b
— 4 m—1 b
M =ayt, " + a, X7t + ) (15)
b,~1
— p m-—1
D, = apbptip +a,b, Tt +
b,~1
tim) v L (16)
Tak Kak peryaupoBka IO HOTPEOHOCTH
IIPOBOJUTCS JIMIIL B MOMEHT, Korga II; paBHO
npejenbHOMy u3MeHenuro I17°, To BenuunHa
nepuona 10  CIEOYIOIIEW  pEeryJaupoBKH
ONPENEINIAETCS U3 YCIOBUS:

NP = ayt;? + @, (I0 7t +1t,)%,  (17)

s pacueroB o dopmyine (17) Moryt ObITH
MCIIONIb30BAHbI PACUETHBIC 3HAYECHUS Ay, b)), A,
u b,, momydaeMble B pe3ylbTaTe NMPUYUHHO-
CIEACTBEHHOIO aHajau3a OOBEKTa, JTUOO ITU XKe
3HAYEHMUS, YTOYHEHHBIC B TIePHOT
IKCILTyaTalui OOBEKTA.

Bemmuuna t,, npexacrtaBisomas  coOoi
MPOrHO3 PabOThl O0BEKTa TOCIE PEryTHPOBKU
J0  MOMEHTa  JOCTH)KCHHUS  IPEICIbHOIO
3HAYCHHUS] HW3MEHCHHS IapaMeTpa BBICIIETO
YPOBHSI, MMOJACYUTHIBACTCSI MO (boplxi{yne:

[ P
m = a,(1+2) )

a i -(p 6]

N

B dopmyne (19) t, — 3HaueHHEe BpeMEHH OT

Hayajla OKCIUIyaTanuud, npu KotopoMm I,
nocruraer 3Hauyerns 1.

(18)

3necn

(19)
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Puc. 3. I'paduk M3MeHEHHs MapaMeTpa BBHICIIETO, YPOBHS MPU MPOBEICHUH PETYIHPOBOK I10

noTpeOHOCTH

Fig. 3. Graph of the parameter is higher, the level adjustment according to needs
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Anamus dopmynsl (19) mokaseiBaer, 4To C
NPUOITIKEHUEM 3HAYCHHUS ), th x t; BEIMYKHA Z
BO3pacCTacT, 4TO CBHJICTEIILCTBYET 0
MIOCTOSTHHOM ~ POCTP  POJIM  HEPETyJIUPYECMBIX
napaMeTpoB B (OPMHPOBAHMHM TEXHMYECKOTO

COCTOSIHUSI OOBEKTa TMpU  YCIOBUM, €CIH
perynupyemMble  mapaMeTpbl  Oyayr — Bce
O/IHOBPEMEHHO BOCCTaHABJIMBAThCS hi (6]
HOMUHAQJIBHBIX 3HAYCHUH.

Ha puc. 3 (1 — 30Ha BIUSHHA
HEperyllupyeMbIX TapaMeTpoB, 2 — 30HBI

BIUSHUSL PETyIMPYeMBbIX IapamMeTpoB, 3 —
npeneabHas KpuBas (BepxHss), 4 — mpeaenbHas

KpuBas  (HWDKHSAS)) TOKa3aH  rpaduuecku
npouecc u3MeHeHMs 3HadeHus Il wm  ero
BOCCTAHOBJICHHUS yTeM IPOBEIACHUS

PEryaupoBOK.

B MoMeHT, Korja nanbHEWINas perylInpoBKa
IapamMeTpoB NEPBOIl IPYMIBI yKE HE IPUHOCUT
HY)KHOT'O pe3ynbTara, BO3HUKAET
HE0O0XOJMMOCTb B BOCCTaHOBJICHUU
HOMUHQJIBHBIX 3HAYEHUHN U I1apaMETPOB BTOPOU
IPYIIbI, YTO AOCTUIAeTCs] MyTeM MPOBEACHUS
PEMOHTHBIX OIIEpALUH.

OO0beM cTaThu HE TMO3BOJSET MOAPOOHO
U3JI0KUTh METOJTUKY MIPOTHO3UPOBAHUS
MOMEHTa BOCCTaHOBJICHUS AKTHUBHBIX
HEpETyIMpyeMbIX IapaMeTpoB M IaCCUBHBIX
HEpEryJaupyeMbIX MapaMeTPOB, ONPEACIIIOMMX
HOMEHKJIATypy W 00BeM  TEKyLEero M
KallUTAIBHOTO PEMOHTA MEXaHHU3Ma.

MoxHO MU~ yKa3aTh, 4YTO  TakKoe
IIPOTHO3UPOBAHKUE BIIOJIHE PEAJbHO HAa OCHOBE
IIPUYNHHO-CIEACTBEHHOIO aHAIN3a U I HEro
HaMH I1OJIy4EHbI IPOCThIE pacyeTHbIe GOPMYIIBI,
ONTUMHU3UPYIOUME IPOTHO3UPYEMBIN IEPUOA
0 KPUTEPUSM MUHUMYyMa YOBITKOB, CBS3aHHBIX
C IIPOCTOSIMU OOBEKTa U 3aMEHON M3HOILIEHHBIX
JeTanel, a TakKe 10 KPUTEPUI0 MaKCMMyMa
IIPOM3BEACHHON WM NEepEeJaHHON MEXaHU3MOM
SHEPIUMU.
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GRAPH-MODELING WHEN RESPONSE
AND RECOVERY OF AGRICULTURAL
MACHINERY

Summary. Investigated the optimal frequency
and scope of works planning of maintenance of
machinery.

Analysis  of existihg methods for the
determination of optimal terms of maintenance.
In the operation of machines for forestry works
to ensure a high probability of failure-free
operation at minimum idle.

In such circumstances, cost criteria or partial
indicators of the probability of failure-free
operation, the coefficient of technical use,
availability alone cannot be taken as a criterion
in determining the optimality of the system to
ensure efficiency.

The relationship between the parameter and the
cause parameter, the result can be described by
both analytical and empirical dependence.

If the parameter is a consequence of several
parameters — the reasons, then the relationship

with each of them is described in the
assumption of permanence. other options-
reasons.

These  dependencies are determined only
between  adjacent levels  (principle  of
immediacy).

Therefore, as the indicator of efficiency of use
of the machine need to adopt a comprehensive
indicator, which quantitatively estimated by the
product of the probabilty of coefficient of
technical use.

Key words: servicing interval, availability,
machinery, index of optimization, exploitation.
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LANDSCAPE ANALYSIS METHODOLOGY
OF NATIONAL PARKS TERRITORIES

Andriy Golub

Kyiv National University of Construction Architecture
Prospect Povitroflotsky, 31, Kyev, Ukraine. E-mail: golubarchitect@yahoo.com

Summary. The methods of landscape terri-
tory analysis of national parks are considered in
this article: the assessment method of the cli-
matic conditions, the assessment method of re-
lief, the assessment method of soil cover, the as-
sessment method of exogenous and endogenous
processes.

The indexes of territory favorableness de-
gree for recreational using based on considered
methods are offered.

This method determines the degree of land-
scapes suitability for recreational use and envi-
ronmental measures, which in turn is one of the
main factors influencing the location of the na-
ture reserves and their structure.

Based on this assessment the present state of
landscapes (degree of digression, a variety of
vegetation, hydrogeological conditions, geolog-
ical structure, etc.) and current function (recrea-
tional, residential, economic, etc.) are deter-
mined.

As a result, a landscape analysis should lead
to the development of recommendations for de-
lineating the different functional areas in na-
tional parks, which are differentiated by the de-
gree of protected areas.

Key words: national park, landscape analy-
sis.

INTRODUCTION

The analysis of territories, that determines
the value of landscapes is one of main factors
having influence on the location of the natural
protected fund objects, determines their struc-
ture and functional zoning, including national
parks.

The problems of territories landscape analy-
sis are studied by the specialists from different
spheres of knowledge: by geographers, envi-
ronmentalists, biologists and other specialists
aiming at the development of corresponding
science directions, and in the field of urban

planning - by architects with the purpose of rea-
soning and recommendations for project prac-
tice.

A landscape is a natural or anthropogenic
(changed Dby human activities) territorial or
equatorial complex, genetically-uniform area
(segment) of landscape area with a single geo-
logical foundation, identical relief, hydro-
climatic mode, combination of soils and bioce-
nosis and morphological structure characteristic
for it [3].

A special place is taken by the recreational
resources scientific research methods: climatic,
landscape, curative, etc. by means of which the
“integral” estimation of recreational resources
aiming at using them for rest, treatment and
tourism is given.

PURPOSE OF WORK

The purpose of this paper is the detecting
indexes of territory favourableness degree for
the recreational using.

ANALYSIS METHODS OF RESEARCHING

One of the first researches, analyzing char-
acteristics of natural complex and estimating
recreational resources, is the work by O.I. Mel-
ick-Pashaev "Designing methodology of state
national parks in the RSFSR (recommenda-
tions)”, was published in 1987, in which con-
ception bases of national parks space-planning
organization, their classification, goals, tasks
and structure, the analysis methodology of natu-
ral complex and recreational resources and the
assessment methodology of the natural complex
state as a result of anthropogenic influence, etc.
are described [5].

The methods of landscape territory analysis
and recreational resources, in particular, were
investigated in the works of such Ukrainian sci-
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entists-architects as 1. Rodichkin, T. Panchenko,
V. Gorodskiy, L. Rudenko [4, 10, 11, 13-15].

Based on the researches of the above men-
tioned scientists-architects and it can be general-
ized, that methodology of landscape analysis of
national park territory as a recreational object
includes the following methods:

a) assessment of the natural environment,
resources and landscapes (climate, relief, soils,
vegetation coverage, superficial and under-
ground waters, hydrogeological conditions, geo-
logical structures and engineering geological
factors),

b) assessment of exogenous processes (ava-
lanches, landslides, collapses, subsidence, ero-
sion, abrasion, karst, water logging, etc.) and
endogenous processes (seismic),

c) assessment of anthropogenic factors and
urban conditions (settlement, industry, engineer-
ing infrastructure, etc.),

d) assessment of recreational resources
(health resort, cultural cognitional, historical ar-
chitectural, etc.).

All these and other assessment methods are
used in the general practice of urban design, re-
gardless of the spatial object (region, district,
city).

Climatic conditions assessment method, ex-
cept descriptions of basic climate components
(temperature, humidity, precipitations, wind, ra-
diation mode, etc) must be used for the assess-
ment of climate influence on recreational com-
plexes functioning, and also on determination
the degree of climate favourableness for form-
ing recreational zones of the managed and sta-
tionary recreation. This method has been studied
thoroughly in geographical and ecological re-
searches and is widely used in design practice
[1,6,9, 12, 16].

For taking into account the recreational fac-
tors, the estimation of degree of territories fa-
vourableness by the climatic conditions and es-
timation of weather complex for recreational
employments should be given in accordance
with the indexes of Table 1.

Table 1. Indexes of elements favorableness degree of weather complex for recreation

Elements of the weather complex Degree of favorableness
and season of recreational :
. especially scarcely
activities favorable favorable favorable
Summer: 19. 26 15...18, less than 15,
Air temperature, ° C 27...30 more than 30
Wind speed, m/sec 1...3 4...6 more than 6
. . - 30...40, less than 30,
Air relative humidity, % 40...60 60.. .80 more than 80
Duration of period with the
"especially favorable” degree more than 75 50...75 less than 50
of comfort, days
Duration of period with the
"especially favorable” and more than 110 75...110 less than 75
"favorable" degrees of comfort,
days
Winter: : : 0...(-4), above 0,
Air temperature, °C (-5)...(-10) (-11)...(-15) below -15
Wind speed, m/sec less than 2 2...3 more than 3
: 15...30, less than 15,
Height of snow-cover, cm 30...40 0. 60 more than 60
Duration of period with the
"especially favorable” degree of more than 60 40...60 less than 40
comfort, days
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Continued Table 1. Indexes of elements favorableness degree of weather complex for recrea-
tion

Elements of the weather complex Degree of favorableness

and season of recreational especially favorable scarcely

activities favorable favorable

Duration of period with the
"especially favourable” and
“favourable” degrees of comfort, more than 95 60...95 less than 60
days
For a year:
Nunber of sunshine hours, hours more than 1800 1200...1800 less than 1200
Number of cloudy days 130 and less 130...170 more than 170
Number of clear days more than 50 30...50 less than 30
Number of days with precipita- less than 90 90...120 more than 120
tion, 1,0 mm and more
Repetition of discomfort
(overheated or supercooled)
days for 3 the warmest/ less than 20 20...30 more than 30
the coldest months, %

Table 2. Indexes of territory favorableness degree for recreational

using depending on character

of relief
Ejﬂgﬂ:&” especially favorable favorable scarcely favorable
Average and weakly dis- Alpine and Subalpine | Unchanging plains, in-
sected middle mountains, weakly dissected termountain foundation
strongly and weakly dis- highland, strongly dis- | pits, sublimity of plain,
relief type sected lowland (preferred se_cted middle moun- strongly dissected high-
slope angle tains (preferred slope | lands, plateau and table-
20...25°) angle 25...30°) lands (preferred slope
angle 5...20°,
30...50°and more)
Aligned plateau-like sur- Valley Rivers, bottom | Foundation pits,
face in the mountains, the of the hill watershed areas of
relief forms upper and middle parts of ghats, canyons

the hills above the inver-
sion layer boundaries

Flat terraces, headlands,
amphitheaters, convex

relief elements :
slopes, circuses

Sloping terraces,
folds, slopes, concave
slopes, slopes like
stairs

Cliffs, gorges,

ravines and peaks, thal-
weg, fan

avalanches, rocks

Up to 3000m (for public
recreational classes)
1000...2200m (to accom-

altitude, m. modate recreational
above sea lev- | centers), 2000...3000 m (to
el accommodate the start of

ski runs)

Up to 3500m (for pub-
lic recreational clas-
ses) 700...1000m (to
accommodate recrea-
tional

centers), 1000...2000
mand 3000...4000 m
(to accommodate the
start of ski runs)

more than 3500m (for
public recreational clas-
ses) to 700 or more
22000m (to accommo-
date recreational cen-
ters), less than 1000m
and 4000m more (to ac-
commodate the start of
the ski slopes)
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Continued Table 2. Indexes of territory favorableness degree for recreational using depending
on character of relief

Estimation el- especially favorable favorable scarcely favorable
ements
relative height less than 400 and more
(vertical parti- 400...1000 1000...1500
. than 1500
tion depth, m)
E;)i(r)lrz]ontal Pa™ | more than 5 xu 0,5...5 km less than 0,5 km
More than 5 km, isolated 0.5...5km, ravines, Less than 0.5 km,
ravines, gorges, gullies, gorges, gullies, etc. is | ravines, gorges,
cuttin etc. (for area recreation less than 20% of the gullies, etc. constitute
g centers and ski areas) recreational centers more than 20% of the
and ski areas recreational centers and
ski areas
To 25 (for recreation 25...50 m 50 m (for recreation cen-
heights centers area), more than (for recreation centers | ters area), less than 500
overfall, m 1000 (for ski areas area) and 1000 (for ski | (for ski
territory) areas territory) areas)
Up to 30 (for recreation 30...50 (for recreation | More than 50 (for recre-
o centers area), 10 to 30 (for | centers area, ski areas | ation centers
Surface incli- . . . .
. ski areas), from 0 to 30 (for | and public recreation- | area, ski areas and
nations, % . ) . .
public recreational classes) | al classes) public recreational
classes)

Table 3. Indexes of territory favorableness degree for the recreational using depending on char-
acter of exogenous and endogenous processes

'_I'ypes . - especially scarcely
(kinds) of Evaluations indicators favorable favorable favorable
processes

Landslides coefficient of the lesion more
area, km? 0,01 0,01...0.10 than 0,10
Collapses coefficient of the lesion more
area, km? 0,01 0,10...0,30 than 0,30
rarefied net of weak density of | weak density
mudstone river- | mudstone river- | of mudstone
beds, mudflows | beds, mudflows | river-beds,
of rain type of rain and mudflows of
glacial feed rain and
glacial feed
middle volumes | middle volumes | middle vol-
of bearing- of bearing- umes of bear-
Mudflows | key indicators out less than out from1000m® | ing-out more
1000m’ to 10000m® than 10000m°
area of mud- area of mud- area of mud-
stone pools to stone pools to stone pools to
10kn? 100k 250km? and
more
inclination inclination of inclination of
of the rivers the rivers the rivers
channel to 0,3 channel to 0,5 channel to 0,8
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Continued Table 3. Indexes of territory favorableness degree for the recreational using depend-

ing on character of exogenous and endogenous processes

'_I'ypes . . especially scarcely
(kinds) of Evaluations indicators favorable
favorable favorable
processes
Mudflow-dangerous
watercourses length atti- more
Mudflows | tude the of the to the less than 0,10 0,10...0,50
than 0,50
length all watercourses of
the same order, km
districts are safe | districts are districts are
in an avalanche | with a middle with a consi-
relation avalanche derable
key indicators and with a weak | hazard (not avalanche
avalanche more than 50%) | hazard (more
hazard (not than 50%)
more than 25%)
Avalanches | Number of ways of
avalanches ascent for 1 less than 0,25 0,25...1,5 15...5,0
linear mile
the attitude of the total
area of alluvial fans and more
areas of defeat shock more than 0,02 0,02...0,25
than 0,25
wave to the total area
of the district
Types ]
(kinds) of Evaluations indicators especially fa favorable scarcely fa
vorable vorable
processes
Abrasion Aver speed of less than 1,0 on | less than 1,0 on | more than 1,
bank retreat, m local areas considerable on considera-
distances ble distances
Erosion ggzswe dismemberment, less than 1,0 1...3 more than 3
Karst a general area of empti-
nesses to the area of the
district (karst coefficient, more
kiP) less than 0,001 0,001...0,01 than 0,01
Subsidence Insignificant an- | Average inten- Considerable
of loess soils thropogenic sity anthropo- anthropogenic
subsidences genic and insig- | and natural
subsidence type (1type) nificant natural | subsidences
subsidences and suffosion
(2type) (2 type)
Seismicity force of earthquakes,
points to 6 7 8 and more

169




LANDSCAPE ANALYSIS METHODOLOGY OF NATIONAL PARKS TERRITORIES

A method of the relief area estimation,
which highlights the natural characteristics: re-
lief types (unchanging plains, intermountain
foundation pits, strongly and weakly dissected
lowland, strongly, moderately and weakly dis-
sected middle mountains, strongly dissected
highlands, elevated plains, plateaus and table-
land, etc.), landforms (valley rivers, canyons,
watershed areas of mountain ranges, aligned
plateau-like surface in the mountains, etc.),
landscape elements (titted terraces, folds,
hillside, flat terraces, headlands, amphitheaters,
convex, concave and similar to the steps hills,
thalwegs, etc.), altitude, relative height i.e. the
depth of the wertical partition in meters, hori-
zontal partition in kilometers, height difference
in meters, cutting (net of ravines, coombs, logs),
surface slope in%. Criteria of relief estimation
by the degree of its favorability are given in ta-
ble 2, all indicators are especially important for
mountain areas, where within national parks are
formed the ski centers, such as the Carpathian
National Park (Ukraine), KrkonoSe WNational
Park (Czech Republic), Stelvio National Park
(Italy) and others are formed [5].

The relief estimation method includes also
the analysis of its transformation as a result of
the economic mastering of territory, influence of
natural relief violations on the state of natural
complex components, information about relief
elements, which are natural monuments. This
method has a direct attitude to the choice of
places for recreational building and is consid-
ered more in detail by the author [2, 8].

The estimation methods of the soil cover
and vegetation estimation take into account de-
scriptions of soils types, mechanical composi-
tion, density, relative permeability, the structure
of humus layer, salinity, soil resilience to an-
thropogenic influence, general characteristics of
vegetation cover (geographic location of types
and kinds of wvegetation, their description, phe-
nological phases of development, resistance to
anthropogenic  loading, including  recreation,
availability and dislocation of rare species, etc.),
characteristic of grass (grass species composi-
tion, dislocation of sites with the most valuable
gene pool, height, density and coverage area),
characteristic of forest fund (age, plenitude,
wooded, pedigree composition, class of fire
hazard, groups of the forests and protection cat-
egory, etc.) [7, 20].

One should consider the suitability of soils
for landscaping: especially favorable in the ab-
sence of the need to replace them by fertile soil,
favorable - if it is necessary to replace its to
50% of the fertile soil and scarcely favorable if
it’s necessary to replace more than 50%.

One should conduct estimation of territory
favorableness for placing recreational estab-
lishments and complexes, economic objects,
transport and engineering communications de-
pending on character and degree of display of
exogenous and endogenous processes in accord-
ance with table 3.

The estimation method of recreational re-
sources must include objective quality and
quantitative characteristic of all combined natu-
ral and historical and cultural resources of na-
tional parks territory that determine specializa-
tion of recreational activity, and also analysis of
availability of these resources, pedestrian and
transport permeability of territory in the condi-
tions of adaptation of mass contingents of tour-
ists and providing with safety in off type natural
situations [17-19].

On the basis of study and estimation of rec-
reational resources and their space-hygienic in-
terconnection a complex map of landscapes is
made, where the modern using and state of
landscapes (forests, forest-parks, parks, roads,
residential  territories, etc.) are represented
showing the main species points, protected terri-
tories, territories of the managed recreation, ex-
isting beaches and areas that are comfortable for
creation artificial beaches, abrasive banks that
must be strengthened, zones of periodic under-
flooding, exotic form of relief, etc [3].

CONCLUSIONS

1. A block diagram of practicing deep de-
posits of ferromanganese nodules sedentary set
of fixed at the bottom of the base module and
quickly by a movable collector. The latter has a
coordinating communication via hose cable with
a drive carriage and performs a circular motion
around the base module on a spiral trajectory.

2. Productive area of minerals in circular
overlapping blocks, where excavation occurs
spiral steps. Moving to the next set of traffic
control unit and a collector carried by the in-
stalled program automatically includes data
from sonar beacons.
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FEATURES OF CONSTRUCTION OF GRINDING DOWN OF MIXERS
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Summary. There was investigated existing
constructions fodder mixer-grinders
continuously for action crayons horned cattle in
the article.

Conducted  analysis  Advantages  and
drawbacks of existing grinders cm Allocation
effective the areas of application.

Established something concentrated crude
and stern simultaneously to grind is not
inappropriate, because the materials fibrous
crude stern reduce force of impact not
successful grain at workable surface grinder.

With this, food making aggregate assets
must equip automation process. The type base
model determined, which improvement allow
increase efficiency mixing concentrated crude
juicy and fodder.

Concentrated and roughage simultaneously
grind impractical because fibrous materials
roughage reduce the force of impact of the grain
harvester working surfaces, so equipping the
screw working bodies with knives gives the
desired degree of grinding of all components of
feed mixtures for feeding MPC.

Roll-preparation center for IFAs must grind
coarse, juicy, concentrated and feed milling
products accumulate in silos, dosing and
grinding products to mix them, preparing a
ration with a high degree of homogeneity.

Mix the above components it is advisable to
feed continuous mixer.

Key words: feed, cattle, forage making,

shredder-mixer,  shot  power,  automation,
assembly, optimization.
INTRODUCTION

The full feeding and rational use of forage
resources - the main ways to increase the
efficiency of livestock, increase production and
reduce production costs. Feeding the majority of
feed in its natural form is ineffective as feed
rations should be balanced the content of

protein, carbohydrates, vitamins, minerals and
other substances that stimulate the development
and ensure the safety of livestock and high
animal productivity.

The most efficient use of feed is achieved by
feeding them in the form of complete feed
mixtures, balanced nutritional elements,
vitamins, minerals, antibiotics, bio-stimulants,
as complete, this set is not in any form of a
separate feed [19].

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS, AND FORMULATION
OF PROBLEM

It is known that in growing sheep fed

multicomponent feed mixtures, which include
coarse, succulent and concentrated feed.
Mix these components is very difficult

because to wet chips shredded root vegetables
adhere particles of grain Dirty and broken rice
roughage.

Most effectively mix the components in
such feed continuous mixers, since the mixing
occurs in athin layer of the mixture.

The theoretical basis for the development of
continuous mixers are not yet in its final stages
and require further development.

The main results of theoretical and
experimental studies of the effectiveness of the
feed grinders, mixers given in the works of
famous scientists: S.V. Melnikova,
S.I. Nazarov, V.l. Front, L.P. Kartashov and
Tsurkan O.V., O.V. Demin, Palkina M.G. et al.
[1-4, 15, 16].

The work of these scientists are aimed at
improving the intensification of feed mixing
process in a continuous machines.

Improving the working body that can
simultaneously grind several forage species and
at the same time effectively mix the crushed
parts of the relevance of the research.
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PURPOSE AND OBJECTIVES OF
RESEARCH

The purpose and objectives of research is
the study of the design features continuous
mixers with the definition of the optimization of
the operating parameters.

To achieve this goal it is necessary to solve
the following tasks:

- To analyze the structure of shredders feed
mixers for feeding the flock,

- Explore the advantages and disadvantages
of the existing mixer grinders with justification
areas of their effective use,

- Examine the principle of the existing
structures of feed mixers of continuous action
with a rotating hopper,

- Develop design.

METHODS AND RESULTS OF RESEARCH

Analysis of the constructions of shredders
mixers

Effective sheep unthinkable without the use
of multi-component in the diet of feed (feed
mixtures).

The composition of the feed mix for loose
MPC as follows: 20 - 40% straw, 12 - 26 - hay,
40 - 60 - silage, 7 - 17% - feed.

The composition of granulated feed mix for
the MPC as follows:

35 - 50% - of straw, 18 - 30 - grass meal, 20
- 40 - hay and grain forage,

14 - 20% - feed.

From the foregoing it follows that the
efficiency of the process of mixing of feed for
the MPC can be achieved by applying the
mixing of the working body able to qualitatively
move groups of different sizes of particles from
one position to another. In addition, effective
mixer should provide a continuous process with
minimal cost of energy and labor. It is also
important to take into account the fact that the
quality ration can only be obtained from a
properly ground components.

Currently widely spread grinder-mixer ISC-
3 feed (Fig. 1).

Performance machine running at mixing,
can reach up to 25 t / h, for a partial mixing
regrinding - 5 t / h, for grinding, such as straw -
up to 3.4 t/ hata length of 30 mm Cutting and
4- 8t/hatacutting length of 50 mm.

A distinctive feature of these machines is a
vertical or horizontal arrangement of two screws
high pitch. This allows for a loose feed mixture
of several components. Presence allows you to
change the controlled counter-rotating crushing
components of the feed mixture. The
performance of these machines is 12 t / h,
bunker capacity of 12 m®, the mixing time is
5-7 minutes, weight up 5300 kg, is aggregated
with a tractor class 1,4-2 ton [5, 6, 17, 18].
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Fig. 1. Flowing mixing feed 1SC-3:

1 — gear deck, 2 —a rotor blade, 3 — piece conveyor belt, 4 — frame,
5 —drive station, 6 —an atomizer, 7 v counter-rotating, |—receiving chamber,
Il —grinding and mixing chamber, 11l — unloading the camera
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Fig. 2. Schematic diagram of the chopper-mixer feed:

1 — chopper roughage, 2 — shredder concentrated feed, 3 — frame, 4 — chassis, 5 — bin for chips
succulent fodder, 6 — chip dispenser, 7 — succulent fodder chopper, 8 — the mass of the sensor,
9 — mixer, 10 — dispenser consecrated fodder, 11 — bunker, 12 — chaff dispenser roughage, 13 — bin

for broken rice roughage, 14 — remote control.

Grinder-Mixer allows mixing silage, straw,
root crops and fodder to the degree of
uniformity 80-90%, the installed engine power
of 39,2 kW, rotor speed 17 sec-1, dimensions of
the machine 1600 x 1090 x 1150 mm, weight to
2200 kg unloading conveyor. Serves grinder-
mixer one worker.

Advantages of ISC-3:

- Continuity of the process,

- Simplicity of design,

- Grinding and mixing is carried out at the
same time,

- Protection from the consequences of
entering into the working area of foreign
objects,

- High homogeneity of the mixture.

Highly forage maker unit must include four
independent modules (Fig. 2.)

Disadvantages 1SC-3:

- High energy intensity of the cooking
process feed mixture,

- It is impossible to make pelleted feed
ration without destroying fit,

- Do not mix food with herbal flour,

- Not grinds concentrated feed,

- A stationary machine.

The analysis of existing designs of mixers
continuous feed showed that the machines work
effectively as part of forage maker units.

Modules:

- Succulent fodder chopper 7 (root crops,
vegetables, fruits, melons, etc.) with the storage
bin and dispenser 5 6,

- 1 chopper roughage (hay, straw, etc.) with
the storage bin 13 and the dispenser 12,

- Chopper 2 concentrated feed (grain
materials) with the storage bin 11 and the
dispenser 10,

- Science-based continuous feed mixer 9
provides a high degree of homogeneity of the
mixture (80-90%).

In addition, kormoprigotovitelny unit must
be equipped with process automation tools
(mass sensor registers the feed mixture coming
from the mixer 8, and common remote control
modules all independent mixer-grinder 14), the
chassis 4 and the unloading chute.

Chopper  unit-feed  continuous  mixer
equipped with L-shaped blades, the blades are
set at a distance from one another. This allows
part of the layer of feed mixture rises to a height
greater than the angle of repose of its
components. This effect prevents the formation
of circulation of the mixture and mixing the

174



FEATURES OF CONSTRUCTION OF GRINDING DOWN OF MIXERS
OF FORAGE FOR SHALLOW CATTLE

components the center is provided by alternately
changing the position of layers. In addition, the
shape of the mixer, consisting of two truncated
cones 4, connected by a smaller base, provides a
varying angular velocity components, which
also has a positive effect on the efficiency of the
mixing process.

Winding provides two full turns of the
material. Cones are connected cylindrical insert.
After passing the first feed cone is further mixed
in a symmetrical arrangement the second cone.
Mixer installation angle is changed screw
mechanism. The design allows the mixer to
change the number and shape of the winding of
the blades, as well as the diagram

The analysis of existing designs of mixers
continuous feed showed that increasing the
mixing efficiency is achieved by using a
rotating drum located on them screw and chuck
working bodies [12-14].

Constantly dewveloping Lump base (the
emergence of new types of premixes, increase
the range of pelleted feed, etc.) requires the
creation of conditions for the intensification of
the mixing process.

The most promising are feed mixers of
continuous action, among which the most
practical and scientific interest are mixers with a
rotating hopper.

In existing designs of continuous mixers
with rotating feed hopper mixing process is as
follows [9]. When circulating movement in the
entire cross section of the drum the material can
be divided into rising (ASVM zone) and rolls
(ASVN zone) layers (Fig. 3).

ACB Line - the boundary between the
layers. Point C - circulation center around which
the bulk material moves over a closed circuit.
On the AC portion is a transition from particle
layer sliding down the rising, and vice versa,
from sliding down in the climbing area ST. The
rising layer of particles move in concentric
circles centered on the axis of rotation of the
drum and with an angular velocity equal to the
angular speed of rotation of the drum.

Preparation of the feed mixture, consisting
of three components:

(40% - chaff roughage (hay) 45% - chips
fodder roots,

15% - milled

grain)  requires a

fundamentally different approach [1-6, 10, 11].
Operating mixer authorities should prevent the
formation of the circulation center (see. Point C
in Fig. 3), and mixing should take place by
alternately changing the position of layers.

This mixing principle is the basis of our
proposed mixer (Fig. 4).

Fig. 3. The principle of operation of existing designs mixers continuous feed rotating hopper
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Fig. 4. Continuous feed mixer:
a — a side view, b — view from the unloading of the finished product, 1 and 2 — the front and the
rear cone, respectively, 3, 4 — mixer drive mechanism, 5 — movable frame, 6 — coil winding, 7 — L-
shaped blade, 8 — the mechanism of changing the setting angle of the mixer, 9 — unloading tray,
10 — support

Continuous mixer rotation speed is infinitely
adjustable by means of a DC motor controlled
by a general remote control via the original

Transformer. The range of adjustable speed
mixer 0-200 min'’.
The mixer operates as follows. The

components of the feed mixture (milled grain,
juicy and roughage) are fed into the mixer
dispensers. 1 Front cone winding 6 located on
its inner surface, captures it and sets the
components moving along a helical path.
winding staffed

L-shaped paddles 7 Length of 100 mm, the
blades are set with a distance of 75 mm from
one another. This allows part of the layer of
feed mixture rises to a height greater than the
angle of repose of its components. This effect
prevents the formation of circulation of the
mixture and mixing the components the center
is provided by alternately changing the position
of layers. In addition, the shape of the mixer,
consisting of two truncated cones connected by
a smaller base, provides a varying angular
velocity components, which also has a positive
effect on the efficiency of the mixing process.

Winding provides two full turns of the
material. The length of each cone 750 mm.
Cone joined long cylindrical spacer 250 mm.
The diameter of the larger base of the cones

500 mm and smaller - 250 mm. After passing
the first feed cone is further mixed in a
symmetrical arrangement the second cone. The
installation ~ angle  changes  mixer  screw
mechanism 8, the movable frame 5 from 0 to 25
degrees. The design allows the mixer to change
the number and shape of the blades of the
winding, as well as a scheme to install them. At
present, developed and used mobile preparation
center with a batch mixer such as ISRV-12 and
RSK-12 [7, 8]. The main disadvantage of these
preparation center is a low degree of
homogeneity of the feed mixture, due to the
need to mix at once a large number of feed
components. In turn, this deficiency can be
eliminated by the use of continuous mixers.

Widespread  preparation center MCC-
100/1000. MCC-200/2000, MCC-2000 MCC-
3000 MCC-6000 (,Lighthouse-6”) wusing a
commercially available Kit equipment.
Approves new standard projects preparation
center 801-460, CCP-5, SCB-5, PAC-150, and
others. Sets Tina MCCs are designed for
preparation center equipment specialized pig
farms with the concentrate-root-fetal type of
feedingg Due to the high degree of
harmonization of the 19 cars formed the five
sets of 12..14 cars, differing views of
performance and of prepared feed.
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In preparation center prepare high quality
fodder mixtures humidity 65 ... 75% of the
individual components of steaming, cook
porridge to pigs and others. Preparation center
MCC-2000 MCC-6000 ( ,Lighthouse-6") used
in the fattening farms with livestock 2, 3 and 6
thousand pigs, and MCC-100/1000 and MCC-
200/2000 -. on the mixed pig, respectively, 100
and 200 sows with a loop on the 1000 and 2000
goals fattening.

Preparation center machines are linked
together in the process lines. Roots line includes
a conveyor and crusher root crops. The
concentrated feed line enters the feeder. Line of
agreen mass and hay flour consists of a shredder
3, universal crusher 5, the feeder conveyor 4
and 2. The skimmed line includes a centrifugal
pump and a reservoir 9 for mik. The
preparation center MCC-200/2000, this line is
also provided with a unit 10 for preparing a
substitute for the mill In the Lugansk’s NAU
preparation center designed with a continuous
mixer (Fig. 5)[19, 20].

This allows the preparation center to grind
coarse, juicy, concentrated and feed milling
products accumulate in silos, dosing and
grinding products to mix them, preparing a
ration with a high degree of homogeneity.

The originality of the proposed preparation
center is as follows: [5]

— preparation center is mobile,

— preparation center allows both
simultaneously  and  independently  perform
grinding, mixing and dispensing. In addition,

coarse, juicy, concentrated and feed can be
ground simultaneously, and separately each,

— preparation center construction allows
to unload the finished ration how wagon loader
and in feeders for sheep and goats,

— ration is prepared in a continuous mixer,
which allows a high degree of homogeneity of
the mix dry hay chaff and bran of the grain with
a damp strand of root crops,

— continuous mixer  consists of two
truncated cones connected by a smaller base, the
inner surface of which is provided with screw-
wound.

Winding equipped with L-shaped blades of
100 mm long, fitted with a blade length of 75
mm from one another. This allows part of the
layer of feed mixture rises to a height greater
than the angle of repose of its components. This
effect prevents the formation of circulation of
the mixture and mixing the components the
center is provided by alternately changing the
position of layers. The novelty of the design of
the mixer solutions confirmed by the patent of
Ukraine Ne 70668. all preparation center nodes
controlled by a single operator with a common
control panel.

Fig. 5. Mobile preparation center for small ruminants:

a) — a side view, b) — front view, 1 — frame, 2 — chassis, 3 — chopper roughage, 4 — elevator,
5 — feed hopper chopped roughage, 6 — feed hopper crushed succulent feed, 7 — succulent fodder
chopper, 8 — continuous feed mixer, 9 — chopper concentrated feed, 10 — feed hopper crushed

concentrated feed
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The use of this preparation center allows
you to fully mechanize and optimize the feed
preparation process on several sheep farm
farmers.  Performance  preparation  center
1000 kg / h. The total capacity of all the motors
12.9 kW preparation center.

If alternate work shredders Field preparation
center works effectively from the alternator
output of 4 KW.

If necessary, additional preparation center is
equipped with an autonomous system of
metered irrigation finished feed mixture with an
aqueous  solution  of  biologically  active
supplements or drugs. While distributing food
directly to the feeder, the unloading of the mixer
is equipped with an additional conveyor belt and
the sensor, registering momentary issue of feed.

CONCLUSIONS

1. Concentrated and roughage
simultaneously ~ grind  impractical  because
fibrous materials roughage reduce the force of
impact of the grain harvester working surfaces,
so equipping the screw working bodies with
knives gives the desired degree of grinding of
all components of feed mixtures for feeding
MPC.

2. Roll-preparation center for IFAs must
grind coarse, juicy, concentrated and feed
milling products accumulate in silos, dosing and
grinding products to mix them, preparing a
ration with a high degree of homogeneity.

3. Mix the above components it is advisable
to feed continuous mixer.
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AHHOTAIUA. B CcTaThe IIPUBEJICHBI
aHAITMTUYCCKUEC GyHKIMU ~ pacmpeneneHus
JMABJICHUN B 30HE KOHTAKTa JePOPMUPYEMOTO
Koiieca C JeopMHUPYeMON TIOBEPXHOCTHIO U
aHATUTUYECKUE (YHKIUU 1O OMpeIeTeHUIO
TPaHULBl 30HBl KOHTAKTa, KOTOPBIE SIBISIOTCS

WCXOAHBIMU  JUIA  pEIIeHWs  3a7adyd O
KOHTAKTHOM  B3aMMOJEHCTBUM  Kojeca C
MMOBEPXHOCTHIO.

[lomydyeHHble 3aBUCUMOCTH MOTYT OBITh
MCII0JIb30BaHBI MPU PEIICHUH 3a/1a4, CBSA3aHHBIX
C OKCIUTyaTalmued MOOWJIBHBIX MAallMH, B
YaCTHOCTH, IIPU NMPOEKTUPOBAHUU JABUKUTENIEH
MOOUITEHBIX HEProcpeJICTB u
CEJIbCKOXO3MCTBEHHBIX MAaIlMH.

B pe3ynbrare npoBeneHHBIX UCCIENOBAHUN

MOJlydeHbl ~ aHAJIUTHUYECKHE  3aBHUCHMOCTH
pacupeneneHuss CHJI B 30HE  KOHTAaKTa
nedopmupyemMoro kojeca ¢ aedopMHUPYEeMOi
noBepxHOCThIO.  [lomydeHbl  aHaTUTHYECKHE
3aBUCHMOCTH JUIS ONpPEIeNICHUs] TPAHHI] 30HBI
KOHTaKkTa  JBYX  Tel  HEeCOIJIaCOBAaHHOM
reoOMETPUYECKOI dopmbI c y4ETOM

MPUJIOKCHHBIX Harpy3ok ©u JaedGopMaTHBHBIX
CBOMCTB TeIl.

Kpome TOTO, HaJIu4ue byHKIIH,
MO3BOJISIIOIICH OMPEACIUTh BEIMYUHY ITEPETH e
9YacTW 30HBI KOHTAKTa COBMECTHO C (yHKIHEU
pactpefiefieHus  CUJIBI  CONPOTUBJICHUS B
MepelHeil 4YacTh 30HBI  KOHTakKTa, JaloT
MPEANOCHUIKA IS aHAJTUTUYECKOTO
ompenaeneHuss KOdPOUIUEHTA COMPOTHBIICHUS
Ka4eHH IO nedopMHpyeMOro  Kojeca IO
nedopMupyemMoit MMOBEPXHOCTHU npu
Harpy>K€HUH KoJjieca CHJION Beca U MPUIIOKECHU N
KPYTSILETO MOMEHTA C y4eTOM Jie(hOPMATHBHBIX
CBOWCTB KO0JIECA U IOBEPXHOCTH.

KawueBbie cJjioBa: nedopMupyemoe
KOJIECO, nedopMupyemoe OCHOBaHME,
MpuJiaraeéMble CHUJIbI, pacHpe/elieHHbIE CHUJIbI,
TpaHMITbI KOHTAKTA.

[NOCTAHOBKA TIPOBJIEMbI

Bo MHOTHX nporeccax: B
CEJIbCKOXO035 CTBEHHOM, MEJIMOPATUBHOM,
CTPOUTEIIBHOM, JIOPOKHOM u JIPYTUX
MpOU3BOACTBAX  BO3HUKAET  3agadya 00
ompeneneHun rmapamMeTpoB KOHTaKTHOTO
B3aUMOJCHUCTBHS KOJeca M IOBEPXHOCTH, IO
KOTOpPOI OHO JIBUTAETCH.

Becomblii BKIaag B pEIICHUE TakUX 3aad
npuHamiexuT Hommuackomy A. 10, [1, 2],
3onorapesckoit . W. [3, 4] u ap. Ho anamu3
9TUX PabOT MO3BOJSET CAENATh BHIBOI O TOM,
YTO HE BO BCEX ITHX paboOTax y4TEHBI YCIOBHS
MPUJIOKEHUS YCUIIUNA, B YACTHOCTH KPYTSAIIETO
MOMEHTa, KPOME TOTO, PEIICHUE ITUX 3a7a4 HE
JaeT OTBETa Ha TO, KaK pacipeneiacHbl
MepeMelcHrs] B BEPTUKAIBHOM U MPOJIOJIBHOM
HAIpaBJIEHUSIX KOHTakTupoBaHus. Kpome Ttoro,
B OTUX PEIIEHUSAX OTCYICTBYET  YETKOE
OmpelesieHue TPaHMUI] 30H KOHTAKTa U HX
3aBUCHUMOCTh OT Xapakrepa MpUKIAAbIBaHUS
YCUITU TEOMETPUUYECKUX dopMm u
neOPMATHBHBIX CBOWCTB KOHTAKTHUPYIOIIMX
Te.

[TIOCTAHOBKA 3A1AYU

AHanuTtnyeckoe
pacmpenesieHHbIX CHUJI B 30HE KOHTAaKTa
nedopmupyemMoro Kozeca c IIOYBO}A,
OIpE/IENIEHNE TPAHUIl KOHTAKTa U OIpPEJEIICHUE
KOMIIOHEHT abCOJIIOTHBIX neopmanui

OIpe/eTICHHE
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TEOPETMYECKUE ITPEAIIOCHIJIKU B3AUMOJENCTBUS JE®OPMUPYEMOI'O
[IPUBOJHOT'O KOJIECA C ITOYBOI

HOBerHOCTeﬁ KOJIECa MW TIIOYBbBI B 30HC

KOHTAKTa.
N3JIOKEHME OCHOBHOI'O MATEPHAJIA

His ONMCaHUs KOHTaKTHOTI'O
B3alMOJICIICTBUSI KoJieCa M TIOBEPXHOCTH, IIO
KOTOpPOM OHO JIBUTaeTcsi, HEOoOXOIMMO PELMTh
ClIeAyolpe 3a/1a4H:

- OINpCACINTL YPAaBHCHHA, CBA3BIBAIOIIUC
pacnpenesieHHble Harpy3kd ¢ aOCONIOTHBIMU
negopmanuaMu A BS3KOYNPYTUX — Tell
HECOITIaCOBAaHHOM reoMeTpr4ecKoit (hopMBHl,

- BBIBECTH (YHKIUMU pacrpeneneHHbIX
Harpy3oK B 30H€ KOHTAaKra IIpu JEHCTBUHU
COCPCAOTOYCHHBIX CUJI U MOMCHTOB,

- OmpeacinuTb TIpaHUIBI 30H KOHTAKTa
negopmupyemMoro kosneca ¢ JedopMupyeMoit
IIOBEPXHOCTBHIO,

- MOJIyYUTh 3aBUCUMOCTH JUISl ONpEeNICHUs
aOCOMIOTHBIX  JleopMallMii  KOHTaKTUPYEMBIX
TeN.

Meronuka NOCTPOCHHUS PpELICHUs IepBOH
KpaeBou 3aaun TEOpUU yIPYrocTu
IpeanonaraeT  MCIOJb30BaHUE  ypaBHEHUM
CBA3M  OTHOCUTENBHBIX  jAedopmManuii ¢
KOMIIOHEHTaMH  [epeMelieHnii  (ypaBHEHUMH
Komm), Tak Ha3pIBaeMbIX T'€OMETPUUYECKHX
YpaBHEHUM (1151 TNIOCKOW TTOCTAaHOBKH 3a/1a4H ):

ou oV ou ov
& =—":€ Ty =t @

“ox Y oy oy ox
rae: 8X,8y,82,]/xy,]/yz,7/zx, — KOMIIOHEHTHI

ortnocutenbHbX  gedopmamuit, U, V, W _
KOMITIOHEHTHI IIEPEMELICHUI TOYEK CPEJIbI.

Kpome Toro, B moboM ciydae ABUKECHUS
Cpelpl  JIOJUKHO  BBINOJHATHCS  ypaBHEHUE
JUHAMUKU UM CTaTUKU CPEIbl TP OTCYTCTBUU
3HAQUUTEIIBHBIX YCKOPEHHUM DJIEMEHTOB JTOU
cpenbl. YpaBHEHHE CTATUKU UMEET BU:
oo, Or, o0r, .01, OO

+ + =

=0; L =0;
x oy e T x oy @

B m00om ciiydae Ha HaKIIOHHOW TIJIOIIAIKE
B Cpele JOJDKHBI BBIMOJHSATHCA YCIOBUSA Ha
HOBCpXHOCTI/I B BUJIC:

ol+7,m= )?;aym+rxyl =Y; @

| =cos(N x),m=cos(N y) -
HarpaBJIAIOIMME KOCUHYCBI BHEIIHEH HOpMaJn K
MMOBCPXHOCTHU, KOTOpPAsA OIpaHUYHUBACT CpCay,

rie.

X,Y — KOMIIOHEHTHI NPOEKIMI JaBIEHUS Ha

MOBEPXHOCTH, KOTOpPasi OTPAHNYHBACT CPE/Y.
B cnydae, korma paccmaTpuBaroTCs He
MEepEeMEIIEHUs, a CKOPOCTH IepEeMEIICHU B

ypaBHEHU X (1) KOMITOHEHTHI Er€yr Vyy OymyT

3aMCHCHBI Ha KOMITOHCHTBI

ErEyy Vs
HCTIOJIB3YIOTCS B ypaBHEHUSX (2), (3).

B of6mem cimydae mnpouenypa mowucka
peleHus npeznoaraer MOACTaHOBKY
KOMIIOHEHT  ypaBHeHu# (1) (umm  wux
IPOU3BOJHBIX TI0 BpPEMEHH) B (PU3NUYECKHE
ypaBHeHUs [5-8] U B IanbHEWIEM OICTaHOBKY
MOJY4YEHHBbIX BBIpAKEHUW B YypaBHeHUS (2).
Takum obOpazom, s ciiydass TeOMETPUUYECKOU
JMHEUHOCTH YpaBHEHUMU MOJIy4arOTCs
AIUTUTI THYECKIE yYpaBHEHHS, peIeHus
OCHOBHBIX THIIOB KOTOPBIX TIPUBEICHHI B
JUTEpaType MO MareMaTudeckoil ¢usuke [9] u
COCTOSIT B MOMCKE PEICHUI ¢ UCIOJIb30BaHUEM
OMTapMOHUYECKUX TOTCHIIMAIBHBIX (QYHKIIUH,
KOTOpBIE  YAOBJETBOPSIIOT  YCIOBHUS ~ Ha
noBepxHocTd (3). [lomydenHbie TakuMm oOpazom
(GYyHKIIUM IMPOKO WM3BECTHHI B BUJIE pPEIICHUIN
bycunecka, Yeppyru, a B JaJbHeWIIEM
pazutheie I1. ®@. ITankoBuuem u Heiibepom [10,
11, 12].

Kpome  Toro, ydumThIBas  OTCYTCTBHE
CMEILCHUSI KOOPJAWHATHOU CUCTEMBI,
B. M. AnekcanapoBeiM, M. WM. YebakoBbIM
[13], T. N. ApratoBeim u H. H. JImuTpueBbim
[14], a Tawke B. JI. TlonoBsiM [15] u npyrumu

CKOpOCTEMN

nedopmaruii KOTOpbIE

NPEUIOKEHO  pEeleHHe Uil  CMENICHUM
noBepXHocTel AeGopMUpPYyeMBIX Tel B BUJIE:
f B:
U [X,0]==M [(=(, T.) +v,, (=P + F)) 57— ———5)dS;
p pi pre . 4+ (x+1-¢)
? B
v,[x,0]= ij((le(—ID; +h,)+ Vzpﬂ)m)df;
01001 =M, [T, +v (B~ BY) B )de;
k kal 1k ¢ 2k \" ¢& m l2+(X+l_§)2
t B:
Vk[XvO]=mI((V1k(F}—Pm)+‘/zk7})m)d§y 4)

rze: U [x,0],v,[x,0],u[x,0],v [x,0] -
IIEpEMELICHNS B HAIPaBICHUU IPOJOJIBHOU HU
BEPTUKAJIbHOW OCEW KOOpAMHAT MOBEPXHOCTEH
KOHTaKTHUPYIOIIMX T€JI B 30HE KOHTAKTa {ai,a}

(HpI/ILIeM CJICayeT OTMCTHTb, YTO APryMCHTHI
CTOAIIUC K KBaJIpaTHBIX CKOOKax
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CBUJICTEIBCTBYIOT O TOM, YTO paCCMaTPUBAETCS
IOBEPXHOCTh KOHTakTa Ipu Yy =0) JUIf MOYBHI
U KoJjieca, COOTBETCTBEHHO (puc. 1),

T.,P.,P, — pacnpenencuusie nanenus B

30H€ KOHTAaKTa, KacaTeJIbHOE, BEPTUKAIBHOE OT
JEHCTBUSL CHJIBI TSDKECTH, IPUBEIEHHOM K
KOJIECY, M CHJIbl BEPTUKAJIbHOM peakiuu B 30HE
KOHTakTa, kotopas cosnaerca B 3one {0,a} u
BbI3BaHA MOMEHTOM COIIPOTUBIICHUS KAUEHUIO,
Gt St Gt Gt
e " (-1+e”) e " (-1+e™)
"8G, L+v,) ¢ 66,1+
Vip =2(=2+v,),vy, = (=1+5v,),vy =2(=2+V,), v, = (-1+5v,)
— JeopMaTUBHBIE CBOMCTBA KOJIECA U IMOYBHI
(Toy4eHbI B pe3yabrare BCEX
npeoOpa3oBaHMil, MOJY4EHHBIX BBILIE, IOCIE
NpPUBEACHUS YpaBHEHUH K IByMEPHOMY BU]LY), &

MMEHHO Gp G, iy i Vo Vi MOy
VIPYTOCTH, KOS (DUITHECHTHI BSI3KOCTH
CABUTOBBIX JnedopMariuii U KOI(DOUITHEHTHI
OOKOBOTO pacumpeHus (B epBOM
npubmmxenun  koddgdunuentsl  Ilyaccona)
MIOYBHI M KOJIECA, COOTBETCTBEHHO.

[pun JOCTATOYHO  TPOIODKATEIHLHOM

BpEMEHHU Je(hOPMUPOBAHHUSI HKCIIOHEHIIUATIbHbBIE
(GyHKIMH, KOTOpBIE BXOIAT B JaehOopMaTUBHBIC

noctrossHabie M D’ M « » O0OPAIAIOTCS B €MHUILY

U TIOCIEAHHME 3aBUCAT JIMIIbL OT MOJIYJeH
yrupyroctu 4 Ko3(pdUIUEHTOB  OOKOBOIO
pactmpenns, 1,B=7x/5b — xosddunment,
KOTOPBIM YCTpaHSET CUHTYISPHOCTh (PYHKLIMI
4) wu  xodpdummeHt, oOeCTICUNBAIONIN
BLITIOJIHEHHE YCIOBMiT Ha TpaHmIle, pudeM, D
— nmpuHa koineca [16, 17].

Taxum ob6pazom, ypaBHEHUS (4) MOTYT OBITh

UCIIONB30BaHBl  KaK IS ONpPEIeNCHHS
KOMIIOHCHT  TIEpEeMEIICHUH, Tak W  JJIs
OTIpeeNIeHUsI KOMITOHEHT CKopocTeit
MepeMeleHn Kojieca M TMOYBBI B 30HE HUX
KOHTakTta. B  o0mem ciygae  xapakrep
B3aMMO/JICHCTBUS MIPUBOTHOTO KoJieca
(aKTUBHOTO)  MOXET  OBITh  TPEJCTABIICH
CXEMaTUYHO, KaK M300pakeHo Ha puc. 1.

Ha cxeme peICTaBJIeH Xapakrep

B3aMMOJICHCTBHS AKTMBHOIO Je(OPMHUPYEMOIO
Kolleca C TIOBEPXHOCTBIO B CHCTEME KOODMHAT
XQy, B xoropoit LIEHTp
BpallleHUs  Koleca LIEeHTPOM

cuctembl koopauHat O , a OBEPXHOCTH Cpeibl,
10 KOTOpPOM JBMIKETCS KOJECO, COBMANaeT ¢

MTIHOBEHHBIHN
COBIIAJIa€T C

ocet0 OX. VYpaBHEHHS, KOTOPHIE OIMCHIBAET
IIOBEPXHOCTh KOJIECA, IIPE/ICTABICHBI B CUCTEME

KOOpANHAT 5077, COBITQJIAIOIIEH C CHCTEMOMU

KOOpAWMHAT  cpeasl  (MO4YBBI).  YpaBHEHHE
MOBEPXHOCTU Koyieca paguyca I B TIIOCKOM
CHUCTEMC KOOpAWHAT nMeeT BU:

n=r—\r’=&&=r—\rr—n*.
Kak Buano u3 puc. 1, Kojgeco HarpyxeHo

Becom P =m 0, XOTOpBI COCPEJOTOYEH B

KoJeca, KPYTSIIAM
U CHJIIAMHU COIPOTUBJICHUS
IIEpEMELICHUIO KoJleca B BHJE MOMEHTa
COIIPOTHUBJICHUA MEPEKaTbIBAHUIO, KOTOPBIC
00pa30BBIBAIOTCS, c OJHOMN CTOPOHBI,
pacrpeneneHHON TOPU30HTAJIbHONW peaKIuein
TpyHTa (peakiust Ha COCTABJISFOIITYIO
KpYTSALLIETO MOMEHTa OTHOCHUTEIBHO
MIHOBEHHOTO IIEHTpa BpAIlCHUA) Ha MEpeIHen
YaCTM  30HBl  KOHTakTa  IPOU3BENCHHUEM
UHTETpaIbHON byHKIIUH pacnpeneneHus
JTABJICHUS TSDKECTH Ha KOOPJMHATY LEHTpa €e
pacnpeneneHusT IO OTHOLICHHIO K LEHTPY

HEeHTpe  BpalleHHs
momenToM M

KOOpAMHAT M, C  JPyrod  CTOPOHBI,
pacnpeneneHuem BEPTHKAIBHBIX
COCTAaBJIIOLMX B TepeAHEed 4YacTH 30HBI
KOHTAaKTa, KOTOpblE BO3HMKAIOT 3a CYET

pacnpeneneHus JaBJICHUS] OT YaCTH KPYTALIETO
MOMEHTa OTHOCUTEIBHO MTHOBEHHOTO ILIEHTpa
oOpalleHUsI ¥ pacIipe/ielIeHHON peakuy rpyHTa
OT BEca, KOTOpbIe TaKkKe OOpa30BHIBAIOT
MOMEHT CONPOTUBJIEHUS IEPEKATHIBAHUIO.

[TorTOMy, Ba’kHBIM [IJIs1 pEILICHUS 33]1a4 €CTh
omnpenenaeHue GbyHKUHMI pacnpeneneHus
JIABJICHUSI B BEPTUKAIBHOM U TOPU30HTAIBHOM
HAMpPaBJICHUSX B 3aBUCUMOCTH OT CHJI, KOTOPBIE
JNEUCTBYIOT Ha Kojieco, M JAe(opMaTHBHBIX
CBOMCTB Kak KoOJI€Ca, TaK U ITIOBEPXHOCTH, C
KOTOPOW OHO KOHTaKTUPYET.

B nepBoM mpubnukeHrnu, TOBEPXHOCTH, MO
KOTOPOM paclpenciieHbl CHJbl B IIJIOCKOCTH
KOHTaKTa, MOXeT OBbITh TMpeJCcTaBiieHa Ha

a—a

2 2
n=r—\r —&°, o ciemyer oTMeTUTH, 4TO

Y4acTKE 3aBHCHUMOCTBIO

B JAJbHEWINEM  WHTETPUPOBAHUE  TAKOU
GyHKIMM B AHAIMUTHYECKOM BHUAE MOXKET
BBI3BATh HEMPEOJIOJIMMBIE CIIOKHOCTH, TOATOMY
€ClIM  pasjIoXKUTh Takylo (QyHKUMIO B psA
MakinopeHa, TO B MepBOM NPHUOIUKEHUHU, OHA

OyIer HMeTh BUJ 77n=§2/ 2r . CpaBHeHue

182
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[IPUBOJHOT'O KOJIECA C ITOYBOI

TOYHOI'O BBIPAKEHUS IOBEPXHOCTU KOHTAKIA U
Pa3IOKEHHOW B psill, KOTOpbIE IIPUBEACHBI Ha

puc.2, W HMX  TEPBBIX  NPOU3BOJHBIX
CBUJIETEIILCTBYET 0 BO3MOYKHOCTHU
WCIIOJIb30BAHMS  YIIPOUICHHOW  (QyHKIMH 0Oe3

YXYALICHUS TOYHOCTHU PE3YJIIBTATOB.
A
[
[
[
[
|
[
i
[
[

g/" v

A
&
~

mé
a4t a
Puc. 1. Cxema B3aWMOJEUCTBUS
neopMHPYeMOro  MPUBOJHOTO  Kojieca  C

nedopMupyemoit cpemoit
Fig. 1. Scheme of interaction of deformable
drive wheel with a deformable medium

7,77 dyd¢ . dy-

Puc. 2. CpaBHeHue GyHKIMH TOYHBIX
KpPUBBIX KOHTAaKTa, HUX IMPOM3BOAHBIX M HX
NpUOIMKEHHBIX 3HAYCHHH B Mpeaenax 30HBI

KOHTAaKTa §{—0.3, 0.3} i paquyca I = 0.5

Fig. 2. Comparison functions of exact
contact curves , of their derivatives and of
approximate values within the contact zone

&{-0.3,0.3} for radiuis r =0.5

AHaNOrMyHOE MPECTaBICHUE TOBEPXHOCTH
30HBI KOHTAKTa HpI/IHSITO B HCCICOAOBAHUAX
A.1O. Unmunckoro [1,2].

YuutsiBas TO, 4TO BEPTUKAIBHOE J1aBICHUE
CHIIBI TSDKECTU OT  JICWCTBHS  Kojeca
pacmpeneneHo Mo JIMHE TUJIOMAJAKM KOHTAaKTa

{a;a}, a AeficTByIoUAs  Ha
KPUBOJIMHENHON JIMHHH, BBIPAXKACTCS

KPUBOJMHEHHBIM HHTETPAIIOM MEPBOTO pPOJa,
MOYKHO 3aIucarh paBeHctso [18]:

d(j_P ) d d(e))
@U(a—aod"gj_dé I\ 1+(d5(2fjj “

OTkyna pacrnpeneneHue  JIaBJICHUs  OT
JEUCTBUSL CHJIBI TSKECTH, NPUXOIALICHCS Ha
KOJIECO, COCTABUT BEIUYHUHY:

P
P: = 52 : ®)
(a-a) 1+F
PacnipenencHue kacaTelbHOW CHIIBI TSATH B
30HE KOHTaKTa MOXET OBITh OIPEICIICHO
aHaJIOTUYHBIM 00pa3oM:

d (M) d d(e))
EUTdQEJ_dg r. 1+£d§(2rn dé |,

cuia,

OTkyna  pacrpeneneHue  JIaBlIeHUs  OT
JEUCTBHUSL  KPYTAIIETO MOMEHTAa  CO3JaeTcs
pacnpeaeneHHou no MSATHY  KOHTAaKTra

KacaTeJIbHOU CUJIbI TATH:

2
M r4/1+§2
r (6)

T. =
3 2 2y
(a—a)(r"+¢%)
Kpyrsinmiik  MOMEHT, MNPUIOKEHHBIM K
KOJIECY OTHOCUTEIBHO MIHOBEHHOTO IIEHTpa

BpallcHud, CO34a€T Ha YYAaCTKEC KOHTAaKTa
{O; a} JOITIOJIHHUTECIIBHOC BCPTUKAJIBHOC
pacnupeacicHmuc JaBJICHU A, KOTOpOC,

AQHAJIOTMYHO TPEIBIAYLIMM BBIKIAIKaM, MOXET
OBITH BEIPAXKEHO U3 PaBEHCTBA!

;_f(f(lvl /(r/a))dg)=;—§(j(—Pm¢(€—a)z)d5)’

OTKyZa paclpeieieHHOe JaBICHHE OT MOMEHTa
COIPOTHBIICHHS KAUCHHUIO OYyJIeT MMETh BH/I:

aM
p - %
"or@-9)7? 7)
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DT pacnpeneneHuss  JaBJCHUN  1pu
MOCJEAYIOIMX HUHTETPUPOBAHUSX C  LIEJIBIO
ONpENENICHNUs] TpaHULl KOHTAaKTa Kojieca C
MMOYBOM, TaKKe MPUBEAYT K HENPEOJIOJIMMBIM
TPYAHOCTSIM TIPU HMHTETPUPOBAHUHU, IOITOMY
TaKde pacrpeesieHusi MOTYT OBITh Pa3IOXKEHBI
B psasl MaknopeHa, KoTopble OyayT HMeETh
CIEAYIOUMN BUA:

ne gm(2f2—§2).Tn: M(2r® —52);
2(a-a)r’ 2(a—a)r’
Pmn:-M(az +23§+3§2)’ ®)
a’r

rae: Pn, Tn, Pmn - pa3lioKEHHBIE B PSIbl
pactpeiesieHHus] CHJIbl Beca, KacaTeIbHOW CHIIbI
U CHJIBl MOMEHTa COINPOTUBJICHHS KaueHHIO,
COOTBETCTBEHHO.

O CcX0OMMOCTH TOYHBIX BBIPAKEHUU M UX
pa3noKEeHUH MOKHO CYIUTh MO MPUBEACHHBIM
rpadukam Ha puc. 3.

AHanmu3 3TUX TpauKOB CBUICTEIBCTBYET O
MPAKTUYECKH TOJHOW HJEHTUYHOCTH TOYHBIX

16000

Pﬁ 500

15000

035

Puc. 3. I'paduku pacnpeneneHuil naBlieHUN, MOCTPOCHHBIE MO TOYHBIM BBIPAKEHHSIM U HX

PA3IOKCHUCM B PAJbI

NpeAcTaBieHU  QyHKUMH  pacmpeaeieHus
JaBJICHUN U TeX ke QYHKIIUH, MpeACcTaBICHHBIX
Pas3NIoKEHUsIMH B psiibl MakiiopeHa.

TakuMm o00pa3oM, pasjIoKEHHbIE B PSAbI
Maxnopana QyHKIUU pacHpeeNeHHBIX YCUIIUM
MOTYT 6I)ITI) HUCIIOJIB30BaHbI B I[aHI)HeI\/JIHIGM
aHanM3e KOHTAKTHOIO B3auMoJeiicTBUs 0e3
yimepba JUIs TOYHOCTH TOJYYEHHBIX TIOCTIe
WHTETPUPOBAHUS YPAaBHEHUM C BXOISALWMMHU B
HUX OWUTapMOHMYECKUMH MOTEHIIMAIbHBIMU
GyHKIMAMH. OTO TMO3BOJISET CYIIECTBEHHO
YOPOCTUTH UHTCITPUPOBAHHUC u IMOJIYYUTHb
pelleHHs] B aHaJUTUYECKOM BHUJIE, KOTOpbIE
MO3BOJIIIOT ~ OCYHIECTBUTh HX aHaiuu3 0e3
HCITIOJIB30BaHU A YN CIICHHBIX METOA0B.

B pesynbraTe mpoBeIeHHBIX UCCIEOBAHUH,
TMOJY4YCHBI AHAJIUTUYCCKUEC 3aBUCHUMOCTHU
pacrpeneneHnss HOPMaJIbHOM W KacaTeJbHOM
COCTAaBIISIIONICH JaBlieHWs] B 30HE KOHTaKTa
negopmMupyemMoro kosieca ¢ aedopmupyeMoit
MOBEPXHOCTbIO,  KOTOpBIE€  MPUTOAHBI  JJIs
JMalTbHEHIIMX aHATUTHYECKUX MPeoOpazoBaHUM.

AN S
CETLRE LT
RN
EOTTTTIN

Fig. 3. Charts pressure distributions built on the exact expressions and their expansion in the

ranks
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[IPUBOJHOT'O KOJIECA C ITOYBOI

JInsi OKOHYATENbHOIO pEIIeHUsl 3aJaud O
KOHTaKTHOM B3aMMOJICCTBUU
nedopmupyemMoro koseca ¢ aedopmupyemMoit
MOBEPXHOCTHIO  HEOOXOAMMO  OMpeNeleHHe
TpaHUI] 30H KOHTAKTUPOBAHUSA JBYX TeT,
KOTOpbIE, CYy/s M0 BCEMY, JOJKHBI 3aBUCETH OT
CBOHMCTB JIehOPMUPYEMBIX T€Nl U CHJ, KOTOPBIE
MpUJIAralOTCsl K KOHTAaKTUPYIONMM Telam, a
TaKKe UX FEOMETPUUYECKUX (HOPM.

I'panunibl  30HBI KOHTAaKTa MOTYT OBITh
OTpe/eNieHbl W3 YCJIOBHUS, YTO BEPTUKAIHLHOE

2
CMCIICHUE KOJieca B TOYKEe &; paBHO q / 2r ,

a pa3HMIA BEpPTUKAIbHBIX JedopManuil u
BEpPTUKAIBbHBIX CMeEILeH U KoJieca u
MOBEPXHOCTU B Touke A paBHBI 0.

HUcxons w3 HSTUX YCIOBUH C  Y4ETOM
BBIpaKEHUU (4), MOKHO COCTaBUTH CIEAYIOIE
BBID@KEHUS Ul OINPENEIICHUs] TPAHUIl 30H
KOHTaKTa KoJjieca ¢ MOYBOM:

B: a’
dé——-;
zde 2r

0
Vi |{a1,aa0} - Mkj (vaPr+4vyT; )m

n
a

(V 7\/) 7]’- Mk(vlk(Rl_Rn)+v2k7;v)_ B: £ (9)
© P heaon gl (<M, (w, (B +B) vy, ) [+ (=) [

[Ipy uHTErpUpOBaHUM D3TUX BBIPAKEHUIN
CIIEJIyeT TIPUHSTH BO BHUMAHHUE TO, uto X =& .

WNuTerpupoBanne MOCIEAHUX BBIPAXKCHUN
OPUBOJUT K HAIUYMIO B OKOHYATEIbHBIX
BBIPQXEHUSIX  COCTABJIAIONMX B BUJIC:

ArcTan| (a+12)/t],In[2/°],In[* + (a+1)*].
YuuteBas To, uroIN[f — 0] > (z 3/(272')) :

T
—> — TO

a ArcTan|(a+1)/:] >

3aMEHa MPUBEJCHHBIX BBIIIE COCTABIISIOIMX HA
KOHCTAHTHI TIO3BOJISIET B IEPBOM MPHUOIMKEHNH,
paspenmTh TepBoe  ypaBHeHue u3  (9)
OTHOCHTETBbHO d;, a 9 -
OTHOCHTENIBHO @ B OKOHYaTesJbHOM Buje. Ilpu
ATOM Ka)KJI0€ W3 BBIPAKEHUH JIaeT MO 1Ba KOPHS
B BUJIE:

& \/ngmvm L MMy,
_ r

{a>0.01,:—0}

BTOpOE W3

3 (10)
r

ac «/E\/6MkMr2v1k +gMmriv, + 6M M, rzv1p +gmMpr3v1D + MM vy, -MM, rzvzp
Jg Mymrvy +gmM rvy, + MMvy =M M v, )

\/3r2 +gMmrvy + M Mv,,

AHanu3 BBIp@XKEHUHM JUISI TpaHHI] 30H
KOHTaKTa CBUJIETEIBCTBYET O TOM, 4YTO Ha

BEIMYMHY  3a]HEH  30HBI  KOHTakTa

OKa3bIBAIOT  CYILECTBEHHOE  BJIUSHHE  BEC,
NPUXOJSIIMKCSI Ha KOJECO, KPYTSIMHA MOMEHT
u nedopMaTUBHBIE CBOWCTBA CaMOTo KoJieca,
YTO BUJHO W3 rpauKOB, NMPEICTaBICHHBIX Ha
puc. 4.

Puc. 4. I'paduku 3aBUCUMOCTH BEITUYMHBI
3a7HeW TPaHWIIBl KOHTAKTa OT Ae(opMaTHBHBIX
CBOMCTB KOJIECa, HpHJ’IO)KCHHOfI K KOJIeCY
MacCChl, KpYTAIICT0O MOMCHTA U paanuycCa KoJieCa

Fig. 4. The graphs of the dependence of the
back contact boundary of the wheel’s
deformation properties, of the attached to the
wheel mass, of the torque and of the wheel
radius
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[Ipu >TOM CrieyeT OTMETHTh, YTO BETUYMHA
nepeaHel TpaHuIlbl 30HbI KOHTAKTa 3aBUCUT Kak
OT TPUBEACHHBIX BBIIIE BEIUYUH, KOTOPBIE
BIIMSIOT Ha BEJIMYMHY 3aJHEH 30HBI, TaK U OT
neopMaTUBHBIX CBOMCTB MOYBHI.

0.0935

- 200
o T

Puc. 5. I'paduku 3aBUCMMOCTH BETUYMHBI
nepegHen TPaHULIbI KOHTAaKTa oT
nepopMaTUBHBIX CBOWCTB KoJieca,
HpPIJ'IO)I(CHHOfI K KOJIECY MACChI, KpPYTALICTO
MOMCHTA U panyca KoJICCa

Fig. 5. The graphs of the dependence of the
front contact boundary of the wheel’s
deformation properties, of the attached to the
wheel mass, of the torque and of the wheel
radius

HeoOxomumo oOpatuTh BHUMaHHWE Ha TO,
YTO Ha BEMYMHY MEepeHeN rpaHuIbl d Macca,

MpUBE/IEHHAs K KOJIECY, HE3HAUUTEIbHO BIUSAET
MYTeM YMEHBIIEHUS 3TOM I'paHHIlbl, HO aHAJIU3
CYMMAapHOH 30HBI KOHTAaKTa I1OKa3bIBAET, YTO B
L[EeTIOM KpYTSALM T MOMEHT  HACTOJBKO
CYLIECTBEHEH cpead  (aKTopoB, 4YTO JIO
OTpENETICHHON CTENEeHu Macca Kak Obl He
MPOSIBJISIET CYIECTBEHHOTO BIUsAHUS (puc. 5,
puc. 6).

i
D e e
..,'h..av"'l/.."..
e e
i o

. LY
TR 'y
\‘\\“{‘\‘{‘\‘\‘\‘\\"

1500
2o 11, KE
2300

Puc. 6. ['paduku 3aBUCHMOCTH CyMMapHOit
BCIIMYMHBI 30HBI KOHTAKTa OT I[e(bOpMaTI/IBHBIX
CBOMCTB KoOJji€ca, MNPUIOKEHHOM K KOJIecy
MacCChl, KpyTAIICT0 MOMCHTA U paanuycCa KoJieca

Fig. 6. The graphs of the dependence of the
total contact zone of the wheel’s deformation
properties, of the attached to the wheel mass, of
the torque and of the wheel radius

186
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[IPUBOJHOT'O KOJIECA C ITOYBOI

Bce 910 00BACHSETCE HEOOXOAUMOCTBIO

JNAIBHENIIIErO u Oouee TITyOOKOTO
HCCIIEOBAHUST  B3aUMOJICHCTBUS  Kojeca ¢
[MOYBOH. Kcrarn, POTHUBOpPEUHE c

OOIIECTIPUHATHIMH TIPEICTABICHUSMHU O BIWSIHUU
Macchl Ha BEJIUYHMHY IepelHel 30Hbl KOHTAKTa
CBUJIETEIILCTBYET 0 HEJIOCTaTOYHOMI
M3Y4EHHOCTH TpoIiecca.

Hcxonst M3 mpoOBeNEHHBIX HCCIEAOBAHUIM,
CIIeyeT OTMETHTh, YTO HauOOIbINee BIUSHUE
Ha BEJIMYMHY 30HBI KOHTAKTa OKa3bIBAIOT
nedopMaTUBHBIE CBOICTBA Kojeca, B OTIMYHE
oT neOpMaTUBHBIX CBONCTB TOYBBL. ITO
MOJKET OOBACHATHCSI MEHBIIEH KpPUBU3HOU
MMOBEPXHOCTHU KOJI€eca.

Ananu3  3aBucumocteit  (10), koTopbie
rpadUYecKd  TMPEJICTAaBICHBI HAa  PUCYHKaX
(4,5,6), mO3BOJISIET ClIENaTh HEKOTOPBIE BBHIBOIBI
O BJIMSHUM T[apaMeTpPOB Kojeca U CBOMCTB
MOYBbl HA BEJIMYMHBI COCTABJISIOMIMX 30HBI
KOHTaKTa KoJjieca ¢ MOYBOM, a UMEHHO:

e Ha pa3Mepbl 3agHEA YACTH  30HBI

KOHTAaKTa q CYLIECTBEHHOE BJIUSIHUE

OKa3bIBacT BCINMYHMHA )Ie(I)OpMaTI/IBHLIX CBOMCTB
KoJIeca M k» B TO BpCM:A KaK BCJIHYMHA

neopMaTUBHBIX CBOMCTB TOYBBI Mp HE

OKa3bIBAET BJIIMSHUS Ha 3Ty BEIUUYUHY, IPUUYEM
yBenuueHue JeopMaTUBHBIX CBOMCTB KoJieca
(BemuuMHa 0o0paTHO  NpPONOpPLHMOHANbHAs
MOJYJIIO YIPYrOCTH JUHEHHBIX aedopMmariiii)
BEJIET K CYIIECTBEHHOMY YMEHBILIEHUIO 3a/Hen
IpaHuLIbl MOJYJIS YIIPYTOCTH KoJieca,

e yBelM4eHHE KpyTsmero momenta M
BEJET K YMCHBIICHMIO pa3Mepa 3aJHEd 4acTu
30HbI KOHTaKTa &;, B TO JK€ BpeMs Macca,
NpWIOXKEHHass K  kKoijecy M,
BO3PAaCTaHMIO IIOCIEAHEH,

e yBeIMYEHHME paguyca koneca I mpu
MPOYUX PAaBHBIX IapaMeTpax YBEIMYHBAECT

BEJIET K

pa3Mephl 3aIHEH 9aCTH 30HBI KOHTaKTa a,,

e T[iepelHss YacTh 30HBI KOHTakra a
BO3pacTaeT C YyBeJIWUYEHUEM Jie(hOpMaTUBHBIX

coiictB mouBsl M 0>

MOJAYJISL YIOPYrOCTH JIMHEHHBIX Jedopmaruii

Ep,na

neopmaTuBHBIX cBOWcTB Komeca M, , Te. ¢

T. €. C yYMEHBIICHUEM

YMCHBIIACTCA C YMCHBUICHUCM

yBEIMYEHUEM MOJYNIsl YIPYTOCTH JHHEHHBIX
nepopmaunii E, ,

e Bo3pacraHue Kpyrsiero Mmomenta M
u (wnmm) pamgmyca kojeca I BedAer K
BO3pAacTaHUIO TMEpeHE YacTH 30HBI KOHTAaKTa
a,

e BechbMa JIOOOMBITHBIM €CTh TOT (hakKT,
YTO YBEJIWYEHHE Macchl M, MPUIIOKEHHOU K
KOJIECY, BEJICT K YMEHBIICHUIO TEepeIHeN YacTh
30HBl KOHTAaKTa @, OJHAKO aHaJlu3 pa3MepoB

(] + )
yKa3pIBaeT Ha TO, YTO yBEIMYECHHE Macchl M,
MIPHJIOKEHHOM K KOJIecy, BeIeT K BO3PACTAHUIO
JUIMHBI TISITHAa KOHTakTa. M3 yero ciemyer, 4To
Macca OoJyiee  CYIIECTBEHHO  BIHMSIET Ha

CYMMapHOﬁ 30HBI KOHTAaKTa

BO3pacTaHUE 3aJHEH YacTW KOHTaKra a,,

MPUTOM, YTO MEPEHSS YaCTh 30HbI KOHTAKTa a
YMEHBIIIAETCSI HE CTOJIb CYIIECTBEHHO.

Jlns ompeneneHusi CMEIICHUH HEOoO0X0aIuMO
BOCIIOJIB30BATHCS 3aBUCUMOCTSIMH (4) C yueToM
BolpakeHUH  (9).  YuuThiBas  3HAUYEHUS
1=0.0,B=7x/5b, B passepuyrom Buse
BBIpOKEHUE MEePEMEIICHH I MOYBbI OylIeT UMETh
JOCTaTOYHO  TPOMO3JKUKA  BHJ,  IIOITOMY
MIOJIHOCTBIO IPUBECTHU MX B MpeJeaax CTaTbU HE
NpEACTABISAETCS BO3MOKHBIM. I'paduku
3aBUCUMOCTH TEPEMEIICHUI OT MapameTpoB U
CBOWCTB MTOYBHI IPUBEACHBI HA puc. 7, puc. 8.

Jlns  Bcex TMpeACTaBIEHHBIX TpaduKoB,
WCKIIOYas ClIydad, B KOTOPBIX MPUBEICHBI
3aBUCUMOCTH  OT  KOHKPETHBIX  (DaKTOpOB,
3HAQUYEHUSI OCTAJIBbHBIX MPUHSATHI CIEAYIOIIMMU:
M,=10"YIa, M, =10"1/ITa, g =9.8:/c* , M =300 H,
m=2300xz, v, =04,v,=04,6=03

AHanu3upys 3aBUCUMOCTH TOPU30HTATBHBIX
CMELICHUW MOYBBI, MOKHO CJEJIATh CIIEIYIONHE
BBIBOJIbL:

e yBEIIMYCHHE pamuyca koieca I Bemer k
CYIIIECTBEHHOMY YBEJIMYEHHUIO 30HBI KOHTAKTa

(|a1| + |a|) M OJHOBPEMEHHOMY YMCHBIICHHUIO
CMEIICHHUS MOYBEI B 30HE KOHTakra U b

e poct Maccel M, MpUBEIEHHOHN K KOJIECY,
BEJICT K YBEIIMYCHUIO MTEPEMEIICHUI TTOUBBI Uy,

0COOEHHO B nepeﬂHeﬁ Y4aCTH 30HBI KOHTAKTAa,
® CHUXCHHEC BCINMYHNHBI I[e(i)OpMaTI/IBHLIX
CBOMCTB I1OYBBI M P> T.C. YMCHBIICHHUEC MOIYJIA

YIIpyrocT IHHeHHbIX aedopmanuii E_, Bemer

p'
K YBCIWMYCHUIO TOPU3OHTAIIBbHBIX CMEIICHHU I
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BJIAJIMMUP KOBBACA, IMUTPUI KAJTMHUYEHKO

ITOYBbI Up , IPU 3TOM CYHICCTBCHHO HC BJIMACT

Ha BCJIMYMHY 30HbI KOHTAKTA,

Puc. 7. I'paduxu 3aBUCUMOCTHU
TOPU30HTAJIbHON COCTAaBIISIOIIECH NEPEMEILCHUN
IIOYBBl B 30HE KOHTaKTa B 3aBUCHUMOCTH OT
panuyca xosieca I, maccel M, NpUBEACHHOU K
Kojecy, M JAe(GOpMaTHUBHBIX CBOWCTB ITOYBBI

M

p

Fig. 7. The graphs of horizontal component
of the displacement of soil in the contact zone
depending on the radius of the wheel I, the
mass M, given to the wheel, and deformation

properties of the soil M

®  YBEIIMYCHUE KpYTALLETO MOMEHTAa
koeca M u YMEHBIIIEHUE €ro MMPUHBI b
BEIET K POCTY T'OPU30HTAIBHBIX IEPEMEILECHUN
IOYBBI Up, HE
BEJIMYMHY 30HbI KOHTAKTA,

CYHICCTBCHHO BJIMAA Ha

o
Puc. 8. I'padu 3aBHCUMOCTHU
TOPU30HTAJIBHON COCTaBIIIOIIEH ITepEeMEIICHUN
IIOYBBI B 30H€ KOHTakKTa B 3aBUCHMOCTU OT
KpyTAmero MoMenTa Ha konece M u mmpunsl
Koseca b

Fig. 8. The graphs of horizontal component
of the displacement of soil in the contact zone
depending on the torque to the wheel M and

wheel width b

® BO BCEX cIyqasix MaKCUMYM
TOPU30HTAJIBHBIX CMELICHUIN IOYBBI HAXOJUTCS
B [IEpEIHEN YaCTH 30HBI KOHTAKTA.

AHaAJIOTMYHO MOTYT OBITh MPEACTaBIIEHbI
KOMITOHEHTBI BEPTUKAJIBHBIX U TOPU30HTAIIBHBIX
aOCoOMOTHBIX AedopMaluii Kak MOYBBI TaK U
IIOBEPXHOCTH KOJIECA B 30HE KOHTAKTA.

BbIBO/IbI
1. B pe3yabrare MIPOBEIECHHBIX
HCCICNOBAHUM  IIOJYYEHBI  AHAJIUTHYECKUE

3aBUCHUMOCTU  paCHpCACIICHHUA CHUJI B 30HC
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TEOPETMYECKUE ITPEAIIOCHIJIKU B3AUMOJENCTBUS JE®OPMUPYEMOI'O
[IPUBOJHOT'O KOJIECA C ITOYBOI

KOHTaKTa negopMupyemMoro KoJieca c
nedopMUpyeMOl  TTOBEPXHOCTHIO.  [lomydeHsr
AHAJTUTUYECKUE 3aBUCUMOCTH JJIs ONPENETICHUS
TpaHHUI 30HBI KOHTaKTa JIBYX  Tel
HECOTJIACOBAaHHOW TEOMETpUYECKO (OPMBI C
Y4ETOM MIPUIIOKEHHBIX Harpy3oK u
neopMaTUBHBIX CBOMCTB TEJL.

2. Kpome Toro, Hammume QyHKIUH,
MTO3BOJIAIOILECH ONpPEAENINTh BEIMUMHY ITEpEIHEN
YacTH 30HBl KOHTaKTa COBMECTHO C (PyHKUIHEH
pacrpeneneHust CHJIbl  COINPOTUBIICHUS B
IepeaHel 4YacTU  30HBl  KOHTAKTa, AT
MPEANOCHLIKA Ui aHAIMTHYECKOTO
onpeneneHust Kod(ppUImeHTa COMpPOTUBIICHUS
KaueHuto  JedopMHpyeMOro  Kojeca IO
nedopMupyemMoit MTOBEPXHOCTHU npu
Harpy>kKeHHH Kojeca CHJION Beca U MPUIIOKEHU U
KPYTAIIIETO MOMEHTA C y4eTOM JAe(opMaTHBHBIX
CBOWCTB KOJIECA U TTIOBEPXHOCTH.
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THEORETICAL PRECONDITIONS
OF INTERACTION OF DRIVE WHEEL
WITH SOIL

Summary. The paper presents an analytical
function of pressure distribution in the contact
zone of the deformable wheel with deformable
surfaces and analytic functions on the boundary
of the contact zone, which are the source for the
solution of the problem of contact interaction of
wheels with a surface.

The obtained dependences can be used to solve

tasks related to the operation of mobile
machines, in particular, the design of the
propulsion of mobile  energocredit  and
agricultural machines.

The result of the research, analytical

dependences of the distribution of forces in the
contact zone of the deformable wheel with
deformable surface. Analytical dependences to
determine the boundaries of the contact zone of
two bodies inconsistent geometric shape given
the applied loads and deformation properties.

In addition, the presence of features that allow
you to determine the amount of the front part of
the contact zone together with the distribution
function of the resistance in the front part of the
contact zone, provide background for the

analytical determination of the coefficient of
resistance to rolling of a deformable wheel on a
deformable surface at loading wheels weight
force and the torque taking into account the
deformation properties of the wheel and the
surface.

Key words: strain wheel, base strain, made by
force, distributed forces, contact boundary.
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JOI'IKO-BEPOATHOCTHOE MOJEJTAPOBAHUE HANEXHOCTHU CJIOKHOHN
CEJIbCKOXO3AAUCTBEHHOU TEXHUKU

Anopeii Hosuuyxkuii, Anexcandp bannwiii

Hayuonanouwiii ynusepcumem o6uopecypcos u npupo0onoib308anus Ykpaurvl
Vu. I'epoeé Oboponw, 15, e. Kues, Ykpauna. E-mail: NovitskiyAV@ukr.net, sasha_bannyi@mail.ru

Andrey Novytskyy, Aleksandr Bannuy

National University of Life and Environmental Sciences of Ukraine

Str. Heroiv Oborony, 15, Kyiv, Ukraine. E-mail:

AnHoTauusa. B cratee  paccMoTpeHa
aKTyanbHas npobjemMa mocTpoeHus 0a3 3HaHUM
obecneucHHs HaJCKHOCTHU CII0>KHBIX
TEXHUYECKHX cucrteM «YemoBek - MammHa -

Cpena» (CTC «UMC»y»). O06bexToM
WCCIICIOBAHUST  BBICTYIMAIOT  MAalOMHBI U
obopymnoBaHue CEITbCKO X031 CTBEHHOTO

MPOU3BOJICTBA — CPEACTBA ISl MPUTOTOBJICHUS
u pasgaun kopmoB (CIIPK), kak CTC «UMC»x».
[Ipenmerom uccnenoBaHUsl CTaThbH BBICTYIAIOT
Ipolecchl  MOTEPM U BOCCTAHOBJICHUS
paborocniocodnoctu CTC «UMC» CIIPK.
Lensro MMOCTPOEHUS JIOTU KO -
BepositHocTHOM Mozaenu (JIBM) CTC «UMCx»
ABJIAETCS (POPMHPOBAHME YCIOBHH, KOTOpbIE
OMPENENAI0T PUCKH BO3HUKHOBEHHUS OTKA30B C

Y4ETOM COCTAaBJIAIO LU X «ManmHa,
«Oneparopy, «Cpenay.
B cratee  mpencraBieHa = MeTOAMKA

dopmupoBaHus JIOTMKO-BEPOATHOCTHBIX
MoJieieii HajeXHoctn ToxacucreM «YMCy». B
JIOTUKO-BEPOSATHOCTHON TEOPUU aHAJIMTUYECKOE

OIINCaHNC OIIaCHOI'O COCTOAHUA CTC
OCYHICCTBJIACTCA C HCIIOJIB30BAaHUEM
JIOTUYECKOM (I)yHKI_II/II/I OTKa30B CHUCTEM

(JI®OC), aprymeHnTamMu KOTOPOM BBICTYMAIOT
ucxoanwie coopiTus (MC) u ucxomHbpIe YCIOBHS
(1Y), B kauecTBe KOTOPHIX BBICTYMAIOT OTKA3bI
MAaIllH, OIMOKA OMEepaTOPOB M HECOOTBETCTBHE

KOMITOHEHTOB KOPMOB. B nporecce
UCCIIeIOBaHUs Tporecca (YHKIMOHUPOBAHUS
CIIPK orpeneeHbI OCHOBHBIE
KOHTPOJIMPYEMbIE  MapaMeTpbl  MEXaHH3MOB
(moacucrem) CTC CITPK.

[lpetoxkeHBl  KPUTEPUU  MUHHUMH3AIUH

KpaTyal M X MyTe M MUHMMAaJbHBIX CEYECHHUH
st noBelieHus HanaexHoctn CIIPK myrem
HCCIeIOBaHUS MEXaHU3MOB: 3arpys3Ki,

NovitskiyAV@ukr.net, sasha_bannyi@mail.ru

H3MENbYCHHUS-CMELIMBAH NS, BBITPY3KH.
IIpencraBiieHa MeTOAMKA MOCTPOCHUSA MOJAEIU
OLICHKH I1apaMeTpOB HAJACKHOCTU MEXaHHU3Ma
n3MmenbueHus - cmenmBanus kopmoB CIIPK nHa

OCHOBE JIOTUKO-BEPOATHOCTHOTO
MOJICITUPOBAHHSL.
VYcraHoBieHHe — pHCKa ~ BO3HUKHOBEHUS

otkazoB CIIPK, kak cocrasmaomgein CTC
«UMC» no3BOJSET HE TOJIBKO MPOTHO3UPOBATH
MOSIBJICHUE MOTCHI{HAIbHBIX OTKa30B
COCTaBJISIIOIIMX MEXAHU3MOB, HO U MPOBOJUTH
TOUCK COOTBETCTBYIOIMX OPTaHU3AIMOHHBIX U
KOHCTPYKTUBHO-TEXHOJIOTHYECKH X

MEpPONpPUATHNA 1O HUX  MOPEAOTBPALICHHUIO.
[lepciekTHBHBIMU MOTYT OBITH HMCCIIEIOBAHMUS,
KOTOpPBIC HaMpaBjJeHbl Ha (HOPMUPOBAHUE
MEpOTPUSTUI IMOBBIIIICHHS HaJCKHOCTHU
COCTaBJISIFONMX CHCTEMBI «HMC».

KarueBble cjoBa: BEpOATHOCTb, MOJIETD,
HAJEXKHOCTh, OTKa3, CHUCT€Ma, JOTUKO -
BEPOSITHOCTHBIE ~ METOJBI,  CPEICTBO  JUIA
MIPUTOTOBJICHUS U pa3laull Kopma.

I[TOCTAHOBKA ITPOBJIEMbI

HanexHocth CIIOKHBIX  TEXHUYECKUX
cucreM (CTC), KOTOpBIMU SIBISFOTCS MAIIMHBI U
KOMIUIEKCBI MAIMH CEbCKOX035CTBEHHOTO
IPOU3BOJICTBA 3aBUCHUT oT Tpex
(byHKIMOHAIBHO B3aMMOCBSI3aHHBIX
COCTaBISIONMX: CPEJICTB TEXHOJOTHYECKOTO
ocHamenus (CTO) wunm MammH, TPEAMETOB
npousBoactBa (III1) mnm cpenpl, u yenoBeka-
oneparopa (Y), ansg  BBINOJHEHUS B
perTaMEeHTUPOBAHHBIX YCIOBHSAX ITPOU3BOJICTBA
3aJJaHHBIX TEXHOJIOTUYECKUX IIPOLIECCOB (TO

ectb cucreM «Henoek - Manmua - Cpena»
(«<UMCw»). CJ0XHOCTh CTC «UMC»
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JIOTUKO-BEPOSITHOCTHOE MOJIEJIMPOBAHUE HAJIEXKHOCTU CJIOXKHOM
CEJIbCKOXO3SIMCTBEHHOM TEXHUKU

o0BsicHsIeTCS HE CTOJIbKO 00JIb M
KOJINYECTBOM 3JIEMEHTOB, CKOJIBKO CJIOKHOCTHIO
(GYHKIMOHAIBHBIX U JIOTUYECKUX CBSI3eH MEXIY
DIEMEHTaMH M  COCTABJISIOINIMMH  CHCTEMBI
«UMCp», cBOHCTBAMH BOCCTAHOBJICHUS WU
HEBOCCTAaHOBJIEHUS MOJCHUCTEM M DJEMEHTOB,
BO3MOKHOCTBIO pa3UYHBIX BHJIOB
pe3epBUPOBAHUSL.

BepositHocTh Bo3HHMKHOBEHHUS 0TKa3oB CTC
«YMC»  meHblle, dYeM  MPOCTBIX, HO
IMOCJICACTBUS 1504 Ooiee MacITaOHbIE,
BOCCTAHOBJICHHE pPabOTOCIIOCOOHOCTH TpedyeT
3HAYUTENBHBIX MAaTEePHABHBIX M TPYIOBBIX
3arpat. [loBeimeHus HanmexHoctu Takux CTC
MOXXHO JIOCTUYb 32 CUET pPE3epBUPOBAHMS,

BBEJICHUS CTPYKTypHOH M30BITOYHOCTH
COCTaBIIIOIMX JJIEMEHTOB W IOACUCTEM, WIIA
UCIIOJIB3Ys CUCTEMY TEXHUYECKOTO

obcimyxuBanusi u pemonta (CTOP). Bmecre ¢
TeM, HajgexkHoctb CTC «UMC» 3aBHCHT OT
JIBYX IPYTUX COCTaBIISIONMX: KBAJIU (QUKALINU H
po(heCCHOHATBHO-TICUXOJIOTUYECKOTO  YPOBHS
MepcoHasa, OT COCTOSHUSI CPEJIbl, B KOTOPOH U C
KOTOpOH 9TH COCTaBJIAIOLIME CTC
B3aUMOJICHCTBYIOT. To €CTb,
¢yakimonuposanne  CTC 3aBUCUT  OT
YCTOMYMBOCTH HMX K BO3HUKHOBEHHUIO OTKA30B.
Teopernueckoi OCHOBOM OLICHKHU u
obOecrieueHust CTPYKTypHOM HaJe)KHOCTH
CIIOXKHBIX CHCTEM MOTYT OBITh HCIIOJB30BAHBI
JIOTUKO-BEPOATHOCTHBIE METO/IbI (JIBM)
HaJISKHOCTH.

AHAJIN3 TIOCJIEHUX UCCJIEJJOBAHUI
U IYBJIMK AL

Onenka HanexHoctu kommoHeHToB CTC
«IMC»  OGazupyercss Ha  DIYOOKOM H
npopabotaHHOM Marematuyeckom 6Oazuce. CTC
«MC» gocTaTO4YHO TMOJHO U  JIETAJILHO
UCCIIEZIOBaHBl B pa3MUHBIX  HAyYHBIX
uctoynukax [6, 7, 18]. B HayuHoit auteparype
OMyOJMKOBAaHbl ~ PE3yNbTaThl  HCCIIEJOBaHUMN
cocrapisironmx CTC  «UYMCy»,  kotopsle
(GYHKIIMOHUPYIOT B CEIBCKOXO3SHCTBEHHOM
MIPOU3BOJICTBE npu peanuzanuu
TEXHOJOTUYECKUX IPOLIECCOB B
pacTeHUEeBOJACTBE (Ha MpHUMepe MaxOTHBIX M
sepuoyoopounsix ~ CTC) [10, 11], B
*kuBOTHOBOJICTBE (Ha mpumepe CTC «YenoBek
— Manmuaa — XusortHoe») [17]. Tlpu 3ToM,
0co0oe BHUMaHUE YIENSIOCh OLICHKE BIIMSHUS

cocraBisitonmx «Yemosek» («U»), «MammHa»
(«M») n «Cpena» («C») («0KuBoTHOE» MM
«Pacrenue») Ha 3(heKTUBHOCTH
ucnonb3oBanus CTC ¢ mo3unuii HaIeKHOCTH .

B nccnenoBanusx Ba)kHOE MECTO 3aHHMAET
BHIOOD TE€X WJIM MHBIX METOJOB OILICHKH
HagexxHocTy aTux CTC.

[Ipumenenne JIBM 1npu wuccnenoBaHuu
HAJEKHOCTH MAIMH U3JI0KEHbl BO MHOTHX
HAy4HO - MPAaKTHYECKUX padoTax, BKIrouas [9,
22, 23]. OHu HaUUM MHPOKOE MPUMEHEHHUE HE
TOJIbKO JUISl OLICHKH TEXHOTEHHBIX PHUCKOB B
SHEPIreTUKE U DJIEKTPOHMKE, XUMHUYECKOW U
He(TerazoBoil MPOMBIINICHHOCTH, HO W Ha
00bEKTaX BOCHHO-ITPOMBIIUIEHHOTO KOMILJIEKCa

[8, 22]. 3a mocnmemuue 20-30 ner JIBM
UCIOJB3YIOTCS  TPH  pacdyere  HaICKHOCTH
CITOKHBIX TEXHHUYECKH X CHCTEM B

MalmMHOCTpoeHuu [6-8, 21].
OCHOBHOH IIENBI0 aHaIM3a HAaJIEKHOCTU
MallMH ¢ wucrnoib3oBanueM JIBM saBngercs

OMMpCACIICHUC  NPUYHH U  pacdyeT PpUCKOB
BO3HHNKHOBCHU A OTKa30B, (bOpMHpOBaHI/Ie
KOMILJIIEKCa MepoanﬂTHﬁ o nx

MPEIYNPEKICHUIO U ycTpaHeHnuto. JIBM moryr
ObITH HMCIOJIb30BAaHbI Ui aHalIu3a U OLECHKU
pUCKa BJIMSHHUS OCHOBHBIX COCTABIIAIOINMX Ha
HageKHOCT,  cucreM «UMC», KaKOBBIMH
spisrorcs CIIPK. B mocneguume  roawl
paccMaTpUBaIMCh OTACIbHbIE BOIPOCHI aHAIN3a
npencraBieHubix mammH [17, 20], omHako B
00JIbIIMHCTBE Hay4HBIX ucciaea0BaHum
aBTOpaMHU HCCJIEIOBAIUCH MPEUMYILIECTBEHHO
KOHCTPYKIIMU MalMH U obopynoBanus [21, 24].

I[TOCTAHOBKA 3A1IAYU

Kak mnoxa3piBaeT NpeACTaBICHHBIM BHIIIE
aHaJIn3 JTUTEPATYPHBIX HMCTOYHUKOB,
HccreIoBaHue PUCKOB BO3HMKHOBEHHUS OTKAa30B
CTC «UMC» ABJISIETCA aKTyalIbHOMN
npoOIEeMOii.

B 1mocnemnnue ronpl,
BOIIPOC  HEIOCTATOYHO
paspese MaIlH u
CEJIbCKO X031 CTBEHHOTO
ocobenno CIIPK.

Henpto moctpoenuss JIBM CTC «UMC»
ABIseTCsl (QOPMHUPOBAHHME YCIOBUM, KOTOpbIE
OTIPENIENAIOT PHUCKA BO3HMKHOBEHMS OTKAa30B
CIIPK c yderom coctaBisronmx «YenoBek»,
«Manmnay, «Cpenay.

paccMaTpuBaeMbIi
paccMmarpuBaics B
o0opymoBaHus
MPOU3BOCTBA,
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N3JIOKEHME OCHOBHOI'O MATEPHAJIA

OI_IeHKa PUCKOB BO3HUMKHOBCHHUA OTKAa30B

HAYMHACTCS C YCTaHOBJICHHS
MOCJIEJIOBAaTENFHOCTH  OMACHBIX  CUTYallUH
(TIOC) - otkaza cucremsl. B  Jjormko-
BEPOSTHOCTHOU TEOPUH AQHAIMTUYECKOE
OTHCaHHe OIIaCHOTO COCTOSIHUSI
OCYILECTBIISCTCS c M CITOJTb30BAHNEM
JOTUYECKOH  (YHKIMHM  OTKAa30B  CHUCTEM

(JI®OC), aprymeHTamMu KOTOpPOMl BBICTYNAIOT
ucxonubie coobiTus (MC) u ucxoansie ycnoBus
(1Y), B xauecTBE KOTOPBIX BBICTYMAIOT OTKa3bl
MalH, OIMOKHA ONEpaTOPOB U HECOOTBETCTBHE
KOMIIOHEHTOB KopMmoB. [locne cocraBieHus u
anpoOaluy  IMOCIEeI0BAaTeIbHOCTH  OIMACHOMN
CUTyalluH, JIENAeTCs IMEpPEXo] K COCTaBJICHUIO
JI®OC ¢ mnoMmoupr  KOPOTKMX — IyTed
BO3HMKHOBEHHMS OTKa30B WJIM C IIOMOUIBIO
MUHUMAQJIBHBIX ~ CEYEHUU  MpemympexIecHUus
OTKa30B.

Js  mpenynpexaeHus
«DeLaval», xak cucrembl «UMC», MOXHO
OPEUIOKUTh LBl psil  MEpOIpPUATHH,
KOTOpBIE 3aBUCAT OT peXHUMa M YCIOBUH
ucnonb3oBaHus. CTPYKTYpHO C  MO3ULMUH
obecrieueHus CpoKa CIIY>XObI W HaJIeKHOCTH
¢y kuumonuposanus, CIIPK «DeLaval» moxHO
MPEACTaBUTh B BHUJE CIEAYIOIIEH OJIOK-CXeMbl
MEXaHHU3MOB 3arpysKH, U3MeJbUeHUs-
CMEIMBAHUs, IPUBOJA, BBITPY3KH, pPaMBI C
X0JI0BO#1 yacThio [15].

Pabounit muxn CIIPK «Delaval» saBisercs

orkaszos CIIPK

cocraBisitoleid  padoyero  mpormecca CTC
«UMC». DToT Tporecc 3aKIYaeTcs B
3arpyske, U3MEJIbUCHUH, CMEIMBAaHNH,

TPAHCIIOPTUPOBAHHM, TO3UPOBAHUM U pas3jaue
kopmoBoii cmecu. PabGoumit nmkn CIIPK
BKJIFOYAET BHIIOJHEHUE CIEIYIO X Oleparuii:
3a0op kopMmMoB (dypaxkupom ¢ Oypra u
nepeMeleHne B OyHKep, M3MelbueHUEe KOopma
HOXKaMH ¥ TPOTUBOPEXKYIIMMH IJIACTUHAMH,
CMEIIMBaHUE KOpMa IMHEKAMH M MEIAJIKaMH,
TPAHCIOPTUPOBAHUE KOPMOBOH CMECH K MECTY
pa3naun Ha (epMme, JO3MPOBAHHME M BBHITPY3Ka
KOPMOBOW CMECH.

B mpomecce dynkinuonuposanuss CIIPK
oreparop KOHTPOJIHUPYET ClIeAyloIme
napameTpsl s MexaHu3MoB (nmojcuctem) CTC
CIIPK. J[Jlns wmexanusma 3arpy3ku (M3)
KOMIIOHEHTOB KOPMOB OIEPaTOP KOHTPOJIUPYET:
COCTOSIHUE HOXKeW (ppe3bl M jaeranel NnpuBoja,

KOTOpbIE BIUSIOT Ha aucbamanc Oapabana,
paccrosiHue MEXIy 6apabaHom u
IIOBEPXHOCTBHIO IJIOIIAJKUA JOJKHO COCTaBJIATH
15-20 mm, paccrosHUS MeXTy OapabaHOM U
OyHKepOM MalMHBl JIOJDKHO OBITH B Ipejaenax
20-25 wmm. Mna neraneit M3 XapakTepHBI
aBapuiHbIE U TMOCTENEHHBIE OTKa3bl, KOTOPbHIE
3aBHUCAT OT KaYE€CTBA COCTABJISIOIIMX KOPMOB.
Jlnist MexaHu3Ma M3MeNTbUeHU - CMEIMBaHH S
(MHC) omepaTop KOHTPOJHUPYET COCTOSHHE
U3MENbYAIOUMX M TMPOTUBOPESKYIMX HOXEH,

PEMKM UM IIHEKOB, [UId KOTOPBIX TaKKe
XapaKTepHbl  TIOCTCIICHHbIC W  aABApUIHBIC
OTKAa3bL. Paborocmroco6HOCTE MEXaHU3Ma

BbIIpY3ku (MB) xopmoBo#i cmecu 3aBUCUT OT
TEXHUYECKOTO COCTOSIHMS JIEHTBI TPAaHCIIOPTEpa,

HOMIMITHUKOB ocu TpaHcropTepa H
THAPOIMIINHAPA TPAH CIIOPTEPA.
[IpencraBieHHbIe MEXaHHU3MBbI CIIPK

VIPABJISIOTCS U OOCITYKHBAIOTCS OIEPATOPOM,
MO3TOMY pacCMaTpUBAIOTCI, KaK Ba)HbIC
COCTAaBIIAIOIIC, oT KOTOPBIX 3aBHCHUT
HaacxKkHOCTh mmoacucteM U Bceel CTC «UMCy.
IIpaktuka  uwcnosw3oBanuss CTC  CIIPK
«DeLavaly moka3piBaer, 4YTO KOMIIJIEKCHOMH
MIPUYMHON BO3HUKHOBEHUs oTkazoB M3, MUC,
MB sBiIsIeTCSI HECBOEBPEMEHHOCTh MPOBEICHUSA

KOHTPOJII O  COCTOSHHUM  JeTaneil |
perynupoBKoi MPE/ICTAaBICHHBIX BBIIIE
apameTpoB.

Beimonuus anam3z pabouero nuxina CIIPK
«DeLavaly, nmnpoBemem  aHamuM3  BIUSHUSA
NeSTeIbHOCTH ~ Olleparopa Ha  HAJAEKHOCTb
MIPEICTABICHHON CTC «UMC». Kax

MOKa3bIBAIOT MPEIBAPUTEIBHBIC HCCIICIOBAHMS,
s dexTuBHas paboTa omepaTopa 3aBUCUT OT

CIIEYIO I X BAYKHBIX COCTaBJISIO M X:
KBanuuKauu  Oomeparopa,  BO3MOXKHOCTH
BO3HMKHOBEHHsI OHIMOOK omepatopa Mpu
VIIpaBJIEHUU ©  OOCTY)KMBAHWUU  MAIMHBI,
BO3MOXKHOCTH CBOEBPEMEHHOTO U
HECBOEBPEMEHHOIO yCTpaHEHU st OTKa30B
Ml HBI.

CrnemyeT OTMETUTh, YTO [JIsi PEIICHHS
MOCTaBJICHHON B CTaThe 3a/a4yd, MPOBOAUTCS
OIIEHKa PHCKa BO3HUKHOBEHHS 0TKa3oB MIUC,
KaK  TOACHCTEMBI, KOTOpas  JIMMUTHUPYET
Hanexuocte cucremMol - CIIPK «Delavaly.
Ucxons wu3 storo, Ha puc. 1 mpencraBiena
MOJieTTb (POPMHUPOBAHUS PUCKA BO3HUKHOBEHHS
otkaza MUC B 3aBUCHMOCTH OT JEHCTBHUS TpEX
coctaBisronmx «Y», «Mpy, , «C». Otkaz MUC
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MOXCT HpOH30ﬁTH, CCJIn 6YJIGT BBIIIOJIHCH PAL

HCXOOAHBIX

oneparopa (Ky - K3), otkas geraneit u paboumx
opranoB MUC (K4 - Ky,), BausiHMe cpemsl
(cocTostHME

YCIIOBUM:

COCTAaBJISIO I X

dopmupoBanue otkaza (Ksg,

OTpaHUYEHUEM
SIBJIICTCS Y4ET BCEX HCXOJHBIX COOBITHH W
YCIIOBUI, KOTOPBIE TPUBOJAT K oTKazy MUC.

npu

dopmupoBanuu  JIBM Ky K,
YC(Kl,- . '3K10): KZ = KS
Kzl 1K

D Tka3 MeXaHH3Ma H3MeNbUeHI-CM eIl HBAHU A
KOpPMOB

= |K;|=

Hns MaTeMaTU4eCcKoIro OIUCaHUsA
OTCYICTBME KOHTPOJIA IPEACTABICHHOM MOJIEIHM MOXHO HCII0JIb30BAaTh
jgornyeckue  (QyHKIMM ~ OTKAa30B  CHCTEMBI,
KOTOpbl€ MOTYT OBITH 3alMCaHbl B BUJE
KOPMOB) Ha JIOTMYECKOM MaTpHIlbl UCXOIHBbIX ycioBuil Ky
Ky). Baxuesim [7]:

Ks

<] @

Bosuuxnosenue
OMACHHIX YCIOBH I

Brusuue cocrognus KopMa
Ha q)Ol)l\lIlpOBi\HIle 0TKa30B

Bo3HikHOBeHIE 0MACHHIX
VCIOBIE 0T 0TKA34 0lIepaTopa

BosunkoBeHe oM cHbIT f"Cf[{"BIIIVI
OT 0TKA33 COCTABNAK MU X MOZAHH M

Fig. 1.
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[locne mosiydueHUs JTOTMUYECKONM MAaTPHUIIbI
(1), ucmonw3ys MeTOIbI, HPEIACTABICHHBIC B
[22], packpoeM ckoOKM U 3amuIEM JOTUYECKUE
¢byakiuu otkazoB mojacucreMsl MUC B Buze
JTU3BIOHKIMH JBA/ALIATA CEMU KOPOTKHUX MYyTei
Bo3HUKHOBeHUs 0TKa30B CIIPK «DeLavaly:
K, K, K, Kg
K, K, K, K,
K, K: K, Kg
K, K K, K,
Kl K6 K7 KS
Kl I-<6 I-<7 K9
KZ K4 K7 KS
KZ K4 I-<7 I-<9
KZ KS K7 KS
KZ KS K7 I-<9
KZ K6 K7 K8
KZ K6 K7 I-<9
I{3 K4 K7 KS
K3 K4 K7 I-<9 . (2)
I{3 KS K7 KS
K;K: K, K
KS I-<6 K7 KS
KKK, K

yc(Kl,. . .,Kg) =

5
1%

K,K,
KK,
K K
2K4K7
KoK
K K
K,K
K. K,

K,
Kl
K

N

K
K, Ks
K, Ks
K
K,

4

~N

3 7

K;KgK;
BeinonHuB mpeoOpazoBaHust MaTpuisl (2),
nonyuuM JI®BC B BuAe AU3BIOHKIIUU YETHIPEX

MUHHMAIBHBIX ~ CCUCHUW  MPEAYIPEkKICHHUS
orkazoB MUC CIIPK «DeLavaly:
K7
_ | KK K;
YC(Kla“-aKg) - K:}KIS Kl6 . (3)
KsKo

AHanu3 KpaT4allM X I1yTed BOSHUKHOBECHUS
oTka3zoB MUC, koTopsie npeacTaBieHsl B (2) u
MUHHMMAJIBHBIX CEUYEHUH HX NPELyHpeKICHUS,
npuBesieHbl B (3) yKa3bIBalOT Ha TO, YTO OJHUM
13 HalpaBJICHUH YMEHBIIEHUSI WHTEHCHUBHOCTU
otkazoB MUC  sBasiercss  CBOEBPEMEHHOE
MPOBEACHUE KOHTPOJS M  PEryaupoBaHUs
pabounx OpraHoB U  JeTaleil, KOTopble
JUMUTUPYIOT WX HAJEKHOCTb (TO  €CTh
K,Tta K7).

Hcxons w3 NpencTaBICHHOTO BBIIIE, Ha
OCHOBAaHMM aHalM3a JIOTMYECKUX (yHKUIMH
oTka3zoB  noacucreMel ~ MHUC,  koTopsle
npeacTaBieHbl B MaTpuiax (2) u (3), MOXHO
OpEeJOTBPaTUTh TOTEPI0  PpaboOTOCIOCOOHOCTH
MUC u Takum myTeéM YMEHBbUIMTH PUCK OTKa3a
CIIPK  «Delaval», T0 ectb  o0OBekTa
UCCIIEZIOBAHUS B LIEJTIOM.

[pencraBieHHYI0O JOTUYECKYIO (DYHKIUIO
oTKa30B nojcucreMbl MUC MOXHO pelmTh He
UCIOJIb3Ysl OPTOTOHAIM3AIMU, TO €CTh HAWTH

BEPOSITHOCTh BO3HHKHOBEHHS OTKa3a
HEIOCPEACTBCHHO U3 BhIpaskeHus (1):
Kl K4 K
PCMHC:P{KZ = KS = |K7|= KS = 1} =
Ksl 1K, K
=P7-[1-G, G, G3)]-[1—-G, G- G)]-
[1-Gg-Gol, (4)

rne: G; - BeposATHOCTH 0€30TKa3HOU paboTHI,
P; - BeposTHOCTb OTKa3a.

Jlnst pelieHus: aHaTUTHYECKO 3aBUCUMOCTH
(4) TOACTaBISAIOTCS ~ MCXOAHBIE  JIAHHBIC
BEPOSITHOCTEH CcOOBITUI K, KOTOpBIE B3ATHl U3
nporokoioB wucnbiTanuii CIIPK B ycnoBusix
peanbHOM skcruTyatanuu B KueBckoit obnactu.
Ha ocHOBaHMuM 3TOr0 BO3HWKAET BO3MOXKHOCTH

MIPOBECTHU HCCIEIOBaHUE BEPOSTHOCTU
BO3HUKHOBEHHS OTKa3oB MMHMC cucremsl
«UMC» CIIPK. [IIpoBemem wuccienoBaHue

BIUSHUS cocTaBisiomx «Y», «M», «C» Ha
HaJIeKHOCTh CHUCTEMBI. PesynbraTs
uccnenoanust MUC nipencraBieHsl Ha puc. 2 U
puc. 3.

Kak rmoka3plBaeT IpeACTaBICHHBIM Ha
pucynke 2 anam3 CIIPK  «DeLavaly,
rpadguyeckiue 3aBUCHMOCTH MOJTBEPKIAIOT UX
JIuHeMHbIA xapakrep. Ho, BMecTe ¢ TeM, Ba)KHO
NpPOCIEIUTh BJIUSHUE COCTaBISIOLMX  «U»,
«M», «C» Ha ¢opmupoBanue otkaza MUC.
[Ipeobmanmatomiee BIMSHUE HAa BEPOSTHOCTH
BO3HHUKHOBEHUS OTKa3a MUC UMEET
cocrapisitomas «Yenosek-omnepatop». Hcxoas
u3 rpaduka 2, 3TO — COBMECTHOE COUYETaHHE
ucxoaHbIx BepostHocTedt coobrtuii (K1, Kz Kj3)
— «Bo3HMKHOBEHNE OIMACHOTO YCIOBHS 4epe3
oTKaz  omepatopa» —  r1paduk  Kjoas.
HeoOxogumMo OTMETHUTH, UYTO BTOPBIM IO
3HAYMMOCTH TpadrKOM Cpeiu TMPEACTaBICHHBIX

HCXOIHBIX BEPOSITHOCTEN COOBITU u3
couetanneM Koy3 BeicTynaor K, (ommOka
omeparopa) u Kz  (HECBOEBpEeMEHHOCTh

YCTpaHEHUs OMMOKU OIepaTopa).
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Puc. 2. I'paduk 3aBHCHMOCTM BEpOSTHOCTH BO3HUMKHOBeHHMs oTkaza MMUC cpencrta s
NPUTOTOBJICHHSI W pa3laud KOpMa OT COCTOSHHSI COCTaBJSIOIMX IIPU HECBOCBPEMEHHOM
PEryIIMpOBaHUU MEXaHH3Ma

Fig. 2. Graph of the probability of failure of means for preparation and distribution of forage on
the condition of components in the untimely regulation mechanism
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Puc. 3. I'paduk 3aBUCHMOCTH BEpOATHOCTH BO3HHMKHOBeHUsI OTkaza MMUC cpeactBa mis
IIPUTOTOBJICHMS U pa3laud KopMa OT COCTOsIHUS cocTaBisronmx Ky u Ky
Fig. 3. Graph of the probability of failure of MIS facilities for preparation and distribution of
forage on the condition of components Kiand K4
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I'padmueckue  3aBUCHMOCTH,
NpEeACTaBJICHbl HAa  pUCYHKe 3,
MIOATBEPXKAAIOT UX  JIMHEHHBIN
Hayunsbrit UHTEpEC MPEJICTaBJISIET
HE00XOJMMOCTb MPOCIEINTh BIIUSIHUE
coctaBisitonmx «U» (coosiTue K; — HegocTraTku
KBaTH(U KA omeparopa), u «M» (coObITHe
Ks — oTkasel HOXa U KOHTPHOXaA), Ha
dopmupoBanue otkaza noacucreMbl MUC. Kak
MOKa3bIBaCT aHAJIU3, MPeoOagaroliee BIHUSIHIE
Ha BEpPOSITHOCTh BO3HMKHOBEHHUs oTkaza MMUC
nMeeT cocTaBisonas «YenaoBek-omnepaTop», TO
ecth Kj.

KOTOpBIC
TaKKe
Xapaxrep.

BBIBO/IbI

1. VYcranoBneHue pucka BO3HUKHOBEHHUS
otrka3zoB CIIPK, kax cocTaBnsrOIel CHCTEMBI
«YMC» no3BOASET HE TONBKO MPOTHO3UPOBATH
MOSIBJICHUE MOTEHIIUATBHBIX OTKa30B
COCTABJSIONMX, HO W MPOBOJUTH IOMCK
COOTBETCTBYIO LMX OpTaHU3allMOHHBIX u
KOHCTPYKTUBHO-TEXHOJIOTUUECKUX  MEPOIpPHUsi-
THM 110 UX NPEJOTBPAILEHUIO HJIN YCTPAHEHHUIO.

[lepcieKTUBHBIMU B 3TOM HAalpaBJIE€HUU
MOTYT  OBITh HCCIeIOBaHUS, KOTOpbIE
HAMpaBJIEHbl HA ONMUCAaHWE JIPYIUX MOAeNen
MEXaHU3MOB MAIlMH JUIsl TPUTOTOBIEHUS U
paznaumn KOPMOB OTEUECTBEHHOTO u
3apy0eXHOTO MPOU3BOCTBA.

2. Pe3ynbraThl TNpEACTaBICHHON CTaThH
MOTYT OBITH B JAITBHEHIIIEM HCIIOJIB30BAHBI TSI
YTOUHEHHUS u YCOBEpUICHCTBOBAHHUS
CYLIECTBYIOIIM X METOJIOB pacyeTa HaJAeXKHOCTU
MalllMH KaK Ha CTaAUSX MPOCKTUPOBAHUS, TaK U
B YCIIOBUSIX PEAIbHOW 3KCILIyaTallUu.

3. Hcxons w3 mpeAcTaBIIEHHONW MOJENH WU
ITOJY4YEHHBIX PE3YyJIbTaTOB CUCTEMHOIO aHalIM3a
puckoB  (OPpMHpPOBAHHS OTKAa30B CHCTEMBI
«YMC», BO3HUKAET BO3MOXXHOCTh pa3padoTaTh
ONEpPaTUBHBIE  MEPOIPHUITHUS c LEJIbI0
MpeoTBpaIlieHus] oTepu paboToCmocoOHOCTH
KOMIIJIEKCOB MAIlIMH ¥ 000PY/I0BaHUSL.
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LOGIC AND PROBABILISTIC
MODELING OF RELIABILITY OF
COMPLEX AGRICULTURAL
MACHINERY

Summary. There is the actual problem of
creation knowledge bases to ensure the
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AHJIPE HOBULIKUI, AJIEKCAH/IP BAHHBIN

reliability of complex technical systems ,Man -
Machine - Environment” in the article. The
object of the study is the machinery and
equipment in agricultural production - means
for preparation and distribution of forage. The
subject of research articles are the loss of
working capacity and recovery processes.

The purpose of constructing logical -
probabilistic model is to create conditions that
determine the risks of failure in view of the
components ,,Machine”, ,Operator” and
,,Environment”.

The article presents a method of forming the
logical and probabilistic reliability models
subsystems. The logical-probabilistic theory of
analytic description of the dangerous condition
of is performed using the logical function of a
system failure whose arguments are the
initiating events and the initial conditions,
which serve machine failure, operator error and
inconsistency of forage components. The study
functioning of the basic process parameters
controlled mechanisms  (subsystems).

The criteria to minimize the shortest paths and
minimum cross sections to improve the
reliability by examining mechanisms: loading,
crushing, mixing and unloading. The technique
of constructing a model of evaluation of the
grinding mechanism reliability parameters -
mixing feed based on logic and probabilistic
modeling.

Establishing the risk of failure as part of the
allows not only to predict the appearance of
potential failure mechanisms of components,
but also to search for the relevant organizational
and structural and technological measures to
prevent them. Prospective studies may be aimed
at the formation of measures improving the
reliability of system components.

Key words: probability, model, reliability,
failure, system logic - probabilistic methods,
means for preparation and distribution of forage.
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AHHOTanusA. B cratbe npoaHamu3upoBaHbI
CHOCOOBI, TEXHOJOTWH, KOHCTPYKUHUM TEXHUKU
U CHUCTEMBI Uil OpOIICHUS MHOTOJIETHUX
ILJIONOBBIX HACAKICHUN.

Takum o6pazoM, HanboJee NepCHeKTHBHBIM
CIIOCOOOM OpOIIEHUS JIOIOBBIX HACAKAECHUN U
BUHOIPAJHUKOB B ycioBusx Hpaka crenyer
CYMTATh BHYTPUIIOYBEHHOE OPOIICHUE.

B kauecTBe yBIaXHHUTENEH PEKOMEHIYIOTCS

TOHKOCTEHHBIE roppupoBaHHbIE TpYOBI
muamerpom 25...50 mm ¢ mepdopanmeit Bo
BHaguHax rodpa, OUAMETp OTBEPCTHH — HE

6onee 1 mm, uncno orBepctuit ot 100 10 600 Ha
METp, JIuaMerp TpyOOK-yBIaKHUTENEH —
ITOCTOSIHHBIM I10 BCEH JJINHE.

OO6s13aTeNbHBIM YCIIOBUEM SBIISIETCS 3allTa
nepdopauun myreM 00OpayMBaHUA TPYOKH
PYJIOHHBIM HETHHUIOIMM MaTepuaaoM (KampoH,
CTEKIIOTKaHb, MMOJIUAITHIICHOBA, IIJICHKA WM UX
KOMOMHAIIHS).

Pexomennyercst OecTpaHIEiHbIN  croco0
YKIIQJIKA TPYO-yBIaKHUTENEH, KOTOpBII
Oasupyercss Ha TNPUHLOHUIE BEPTUKAIBHOTO
3aryOJIeHUs THOKMX TPYyOOIIPOBOJIOB B TIOYBY.

KuroueBble ci10Ba: 171010BbI€ HACAKICHUS,

CUCTEMBI I0JINBA, BHYTPUIIOYBEHHOE
OpOIIEHHE, YBIQXKHUTENb, KOHCTPYKLUS
YBIQXKHUTENEH, MPOTUBOGUIBTPAIIOHHBIN
JKpaH.

ITOCTAHOBKA ITPOBJIEMbI

Ha ceromus censckoe xo3siicTBO Hpaka
HalpsIMyl0  3aBUCUT OT HAJIUYUS  BOJBI,
WCIIOJIb30BAHUE KOTOPOW Uil TOTpeOHOCTEH
CETBCKOXO3HCTBEHHOTO IPOM3BOJACTBA YETKO
periaaMmeHTHPOBAHO.

Oporterue SIBJISIETCS BKHBIM
arpOTEXHUYECKUM IPHUEMOM, CIIOCOOCTBYIOLIMM
JTy4IleMy POCTY, MOBBIIICHUIO YPOXKAWHOCTH H
SKOHOMHYECKOH  A(PEeKTHBHOCTH  TUIOHOBO-
ATO/IHBIX HACAKAECHUN U BUHOTPAIHUKOB.

@akrop OepeKHOro pacxona MOJUBHOU
BOIBI SIBJISICTCS  PEHAIONMM B YCIOBHSAX
nedunuTa BOAHBIX pecypcoB Mpaka [1].

CylecTByIOlMe OpPOCUTEIBHBIE CHUCTEMBI,
HapsLy C OOIMM MOJOXUTEIBHBIM 3(PPEKTOM,
UMEIOT TEHAEHLHIO HEraTMBHBIX BO3AEHCTBUN

Ha  OKPYXKAWIIYI0  TPUPOIHYIO cpeny,
3aKITIOYAOTIIYIOCS B HEeparuoOHAIEHOM
WCIOJIb30BAaHUHM  BOJHBIX PECYpPCOB, HH3KOM

KII/l, moBBIIEHHM YPOBHS TPYHTOBBIX BOJ,
BTOPHYHOM 3aCOJICHUH IIOYB U T.A. B ycrnoBusix
BO3PacTaroLIEro negumuTa  BOOHBIX U
JHEPreTHYeCKuXx pecypcoB HMpaka BO3HHKaeT
HE00XOAUMOCTb B pa3paboOTKe  HOBBIX
JIOKaJIbHBIX Cr1oco0oB OpOLICHUS,
o0ecrieunBaroMX PAaBHOMEPHOCTD YBJIAKHEHU S
MIOYBBI, IOJyYEHUE BBICOKUX YpOXkKaeB (DPYKTOB,
IIpU 3HAYUTEIBHOM CHUKEHMH DSHEProsarpar,
JKCIUTYaTallHOHHBIX PACXO0B U OPOCHUTEIBHOU
BOJIBI.

ITOCTAHOBKA 3ATAYN

IlpoBenenne  aHanM3a  CYIIECTBYIOIMX
Croco0OB M TEXHUYECKUX CPEICTB OPOIICHHUS

ILJIOZ0OBO-SITOTHBIX HaCaXJIeHU N TUTST
pa3paboTKi  ONTHUMAJIBHOTO  pEeXHMA |
TEXHOJIOTUM  OpOIIeHHS,  OOecleynBaroIMX

OepekHOE pacXoJOBaHHWE TOJMBHON BOJIBI,
FJ'[y60KOC INpoMauruBaHHUEC ITOYBBI M ITOJTYYCHHC
BBICOKMX CTAaOMJIBHBIX YpPO’KaeB B YCIOBMSX
Hpaxa.
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AHAJIN3 CIIOCOBOB U TEXHUYECKUX CPEACTB UIA OPOILIEHUA TUIOJOBbBIX
HACAXJIEHUI B VCJIOBUSIX UPAKA

N3JIO’KEHME OCHOBHOI'O MATEPHAJIA

Ha  cerogmsammwnii JIEHb  CYIIECTBYET
Oonbllioe  MHOTOOOpazWe BHUJOB OpOIICHUS U
ITOJIMBHBIX YCTPOMCTB JIJISl HUX.

HccnenoBanuto npoiiecca OpOLIEHU S
nocBsmeHsl  pabotst  E.  B.  Axyruesoii,
N. II.  AimapoBa, M. B. Mazensl,
A. . AxmemoBa, M. H. barposa,
B. M. Boamgauuxoro, B. W. bapauxosa,
E. A. Berpeako, M. C. TI’puroposa,
A. W. MuxansueBuua, B. P. Pugurepa,
B. M. PomanoBa, A. A. Uepkacosna,
A. H. KocraxoBa, M. HW. Powmamenko,
B. b. I'opaeesa u npyrux.

[IoBEpXHOCTHBI MOJMB IO  Xapakrepy

YBJIIQKHEHUS TOYBBI M YCIOBUSIM MEXaHU3AIUH
MPOBOJUTCS HaITyCKOM o [oJIocam,
IUIONAJIKAM MJIM 4Y€KaM C 3aTOIJIEHHEM BCEU
MTOBEPXHOCTH yJacTKa (TpaBbl, 36pPHOBHIC) HIIH C
mojayel Boabl MO Oopo3gam  (IporalHbIe
KYJIBTYpBbI).

Henocratku: Oosiplmie 1OTepU  BOJBI,
BO3MOXXHOCTh PAacCIpOCTpaHeHUsi 3a0oeBaHUU
pacTeHui, MaHHBIA crnoco0 HE MpuemiieM Ha
HEOJIarONpUSATHBIX YKIOHAX, HE MpPUEMIIEM Kak
YBIQKHSAIOUMH  moiauB,  Oosbmoll  00beM
IJIAHUPOBOYHBIX ~ pabOT  TpU  CIOXKHOM
MUKpopenbede, HapylleHHe CTPYKTYphl MOUYBBI
U MOTPeOHOCTh B JIOMIOJHUTEIHHOM PBIXJICHUU
MEXAYPAIUNA, HEPAaBHOMEPHOCTh YBIIAXKHEHUS
MOYBBl BJOJb MOJMUBHBIX OOpO31 M TMOJOC,
BBICOKAsi BEpPOSTHOCTb  TMOJHSTHS  YPOBHS
TPYHTOBBIX  BOJ  C  3aCOJICHUEM WM
3a00J1aYMBAHUEM OPOIIIAEMbBIX YIaCTKOB [2].

JlokneBaHue  NPUMEHSAETCS B 30HaX
HEYCTOMYMBOTO YBJIQKHEHUS, MPU OPOIICHUU
y4acCTKOB ~ CO  CIOXHBIM  peiabeoM |
BOJIOIIPOHUIIAEMBIMH  TTOYBAMU C  OJU3KUM
3aJeraHueM TPYHTOBBIX BOJ. MckyccTBeHHOE
JIOX7eBaHUe, TO0JI00HO €CTECTBEHHOMY OO
HEOOJIBIION WHTEHCUBHOCTH, HO JOCTATOYHOU
JUIMTENBHOCTH, CO3[A€T HAaWJIy4yllMe YCIOBHS
JUIsl pOCTa PacTEHHUI, YMEHBIIAETCS UCIapeHue
BCJIEJICTBUE BBICOKOM TEMJIOEMKOCTH BOJIBI,
TEMIlepaTypa OKOJIO3EMHOTO CJIOS  BO3/yxa
CHM)KAeTCI B  JKapKoe BpeMs CYTOK H
MOBBIMIAETCS B MIPOXJIATHBIC HOYHBIE YaCHI.

HenocraTku: BBICOKHE HayaJbHbIE
KalUTaJIOBIIOKEHUSI, TOMOJTHUTEIbHbIE 3aTPaThI
Ha DHEPIUI0, TMOTPEONISIEeMyI0 Ha CO3JIaHHE
HY)KHBIX HAllOpOB B OPOCHUTENIBHBIX CHCTEMax

(40... 100 xBt/u Ha 1 momuB mpH HOpPME
300 M3/ra), HEPAaBHOMEPHOCTb PACIIPEICICHUS
BOJABI B TOJIE TpU  BETpe, IMPOOIEMEI
YIUIOTHEHHSI BEPXHETO CJIOS TTOYBBI, CBSI3aHHOTO
¢ oOpa3oBaHHEM KOPKU Ha MTOBEPXHOCTH IMOYBHI,
Y TIOBBIMICHHBIA CTOK, YCIIOXKHSET IMPOBEICHUE
CEeNbX03padOT  Ha  OpOIIAEMOM  yJacTKe,
Oonbimas ynenbHass merautoeMkocTsh (100—300

Kr/ra), HEeO0X0IMMOCTh IIOCTOSIHHOI'O
OOCIy)KMBaHUSI JOXKICBAIBHBIX HACaJOK M
neduexkropos [2].

IMporecc KaIleJIbHOTO OpOIICHUSI
o0ecrieynBaeTCs npu OTHOCHUTEJIBHO
HEOOJBIIIOM  JIABJIGHHH  C  HEKOTOPBIMH
WHTEpBAJIAaMH M C MAJIOH HWHTEHCHBHOCTHIO
BOJIOIIOIaYH WA [OJa4H
CITA0OKOHIIEH TP POBAHHBIX pacTBOpoOB

IIATATEIBHBIX BELIECTB JIOKAJIBHO TOJIBKO B 30HY
Pa3BUTHS OCHOBHOM MacChl KOPHEBOW CHCTEMBI.

Huskas yaenbHas WHTEHCUBHOCTh
BOJIONIOZaYU, a TaKKe JIOKABHBIN (0YaroBbIil)
XapakTep  YBJIQXKHEHHS  TIOYBBI  JIEJAeT

KarneJlbHbI CH0CcO0 MOJMBA MPUTOAHBIM IS
MPOBEJICHUSI OpOIICHUS Ha HEBBIPOBHEHHBIX
y4acTKaxX M Ha KPYThIX CKIOHAX, YTO BAXKHO JIJIs
30H C HU3KUM YPOBHEM BOJI000ecTieueHus H
nepeceyeHHbIM penbeoM MECTHOCTH.
Henocratkn kamenpbHOTO OpOINICHUS: HE
MIpUEMIIEMO JUTSt BCIIOMOTATENbHbBIX
TEXHUYECKUX TOJIMBOB, YacTas 3acopsieMOCTb
KareJIbHUII-BOJIOBBIITYCKOB OTJIOKCHUSIMU
coleil W TUTAaHKTOHOM, OOpa3ylOIMMHCS B
TEYEHUE  MEXKIIOJUBHOIO  HHTEpBajga B
TpyOOIpPOBOAAX-YBIAKHUTEISX, BBICOKas
CTOMMOCTb CTPOUTENILCTBA CUCTEM KaleabHOTO
OpOIICHUS, a TaKKe BBICOKHE
SKCILTyaTaI[MOHHBIC 3aTPAThl, HEPABHOMEPHOCTh
pacnpeneneHusT 1O  OpOIIAeMOMY  y4acTKy
OpOCUTEIBHON BOJIbI, MPU HEJOCTATOYHBIX
0CaJIKax HY)XHA JOMNOJIHUTENbHAs TIOJUBHAsS
HOpMa, Yallle BCEro MoJaBaeMast JOKIEBAHUEM.

BuyrpunousenHoe (MoAmoYBEHHOE)
OpoIIeHne OCHOBAHO Ha JeHCTBUU
BCACBIBAIOIICH CHJIBI IOYBBI, IOITOMY €rO

MOKHO TPUMEHSTh Ha IOYBAX C XOPOIIMMH
Kall WIS PHBIMU CBOWCTBaMHU u
BOJIOHEIIPOHUIIAEMOU IIOAIIOYBOM U HEJNIB3s — Ha
MEeCYaHbIX, CYyIEeCUaHbIX, raJeYHUKOBBIX,
IIPUCAIOYHBIX U 3aCOEHHBIX [3].
[Ipenmymecra BHYTPUIIOYBEHHOI'O
OpOILEHHUS:  BO3MOXXHOCTb  IOJJIEP’KUBATh
BJI&KHOCTh aKTUBHOTO CJIOSl TIOYBBI HA YPOBHE
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BJIAJIMMUP KOBBACA, AJTb-XA3AAJIU XAUJIEP PAAJ HAJIUM

KallIISIPHOM BJIATOEMKOCTH, CTPYKTYypa
[IaXOTHOIO  TOPU30HTa  HE  pa3pyllaeTcs
NOJIMBaMHU, HE 00pa3yercsi KOpKa, MEHBbIIE
COPHSIKOB, MO>KHO MCII0JIb30BaTh CTOYHBIE BOJIBI
u TemioBble orxoasl TOC, wucnapeHue c
MTOBEPXHOCTU MOYBHI MEHBIIE U 3aIlachl BOJbI B
IIOYBE COXPAHSAIOTCS JOJbIIE, YEM IPHU MOJIUBE
JOKIEBAaHUEM,  HET  NOpensaTcTBUN AN
MEXaHU3allUl  BCEX  CEIbCKOXO3AMCTBEHHBIX
paboT, TaKk Kak OTCYICTBYIOT BpEMEHHas
OpOCHUTENbHAsl M IOJMBHAs CETb, MOXET
UCIIONBb30BAaTbCAd ISl BHECEHUSI  KUJKHX
MUHEpPaIbHbIX YIOOpEHUHN U a3pUpPOBaAHUS.
Henocrarku: BBICOKAsI CTOUMOCTh
CTPOUTENbCTBA  CUCTEMBI,  HEBO3MOXXHOCTb
WCIIOJIb30BAHMUS Ha JIETKUX, IPOCAJOYHBIX U
3aCOJICHHBIX ~TOYBaX, claboe yBIaKHEHUE
BEPXHETo CJ0s MOYBBI, YTO YXYIIIAET YCIOBUS
BCXOJIOB 3€PHOBBIX M NPUKUBAEMOCTH paccajpl
OBOILHBIX KYJIBTYD, HE00X0IMMOCTh
OCBETJIEHHS OPOCUTENIBHOM BOJIbI BO M30€kKaHHE
3aWJIGHUST OPOCHTEIBHBIX TpYO, 3aTpyaHEH
PEMOHT H©  OCMOTp TMOJHMBHBIX JIMHHUI,
BOJIOBBIIIYCKA MOTYT I1OJABEpraThbcs OJIOKMPOBKE
KOPHSIMU  pacTeHMi, HeoOXoauma  yacras
MPOMBIBKA CHUCTEMBI, HE o0ecreynBaercs
PaBEHCTBO PAcX00B BCEX MUKPOBOJIOBBIITYCKOB
BO BPEMEHHU.
bnaronapst GoJbBIIOMY  CpPOKY  CIYKOBI,
BHYTPUIIOYBEHHOE OpPOLICHHE XapaKTepU3YeTCs
BBICOKOW  KOHOMHYECKOH  3(PPeKTUBHOCTHIO
OCOOGHHO TIPM  OpPOIICHWHU  MHOTOJICTHHX
KYJIBTYP, TaKHX KaK IJIO/IOBBIC KYJABTYpHI [4].
Takum 00pa3oM, HECMOTpPS Ha HEKOTOpHIE
HEI0CTaTKH, HauOoJee MEePCIEKTUBHBIM
CrocoOOM OpOILEHUS MJIOJIOBBIX HACAKICHUHN U
BUHOIPAaJHUKOB B ycioBusx Mpaka crnenyer
CUYNUTaTh UMEHHO BHYTPUIIOUBEHHOE OPOILIECHHUE.
SddexTuBHOCTD IPUMEHEH NS
BHYTPUIIOYBEHHOI'O OPOLICHUS B IJIOZIOBOJCTBE
JIOKa3bIBalOT MHOTHE HCCIIEIOBAHUSI.
Hanpumep, B omnsiTax Kpemenckoro B.H.

[6], xoTopwle mpoBoOmMIKHCHE ¢ 9 — JETHUMH
sonoussmu  copra Lommen Jlenuiuec Tpu
UCIIOJIb30BaHHH nephopUPOBaAHHBIX
BHYTPUIIOUBEHHBIX YBJIAXKHUTENIEH, KOTOpHIE

ObuIN 3a70%keHbl Ha r1youHy 0,8 M U cMelleHbl
BnpaBo Ha 0,05 M oTHocuTenbHO mITamMba
JepeBa,  IOKAa3aHO, YTO B pe3yibraTe
BHYTPUIIOYBEHHOM  IOJa4u  BOABI  BOKPYT
YBIQKHUTENS 00pa3yeTcst 0OJIbIIOEe KOTUYECTBO
oOpacTalonmx KOpPHEH IIJIOAOBOTO JIEpeBa,

KOTOpBIE pacroJiararoTcs napajuieIbHO
yBIQXHUTENO. [IpoHMKHOBEHHWE KOpHEH B
YBIIQXKHUTENb Yepe3 OTBEpCTHs rnephopannii He
HaO0II01aJI0Ch, 4TO MOATBEPKIaeT
BO3MOYKHOCTh  MCIIOJIB30BAHUSL HCCIEAYeMOM
CUCTEMBl BHYTPUIIOYBEHHOTO OPOIICHHS IPHU
MOJIUBE TIOJIOBBIX KYJIBTYD.

CucreMy OpOIICHHS  HCHBITHIBAIA B
YCIOBHUSIX  MEPECEUYEHHOW MECTHOCTH  TOJ
TamkeHTOM Ha cpefHe- M THKEITOCYITTHHUCTHIX
IMOYBax. OuaroBkie YBIIQKHUTEIH
MHJIMHAPUYIECKOH  (QOpMBI M3 TOPHUCTOTO
MJIaCTOPacTBOpa YCTaHABJIUBAIHCH
HEMOCPEJACTBEHHO Yy  KOPHEBOM  CHUCTEMBbI
pacTeHui.

KonuyecTBo OMBITHBIX BOJAOBHITTYCKOB OBLIIO
paznmuunbiM (15 — 24 mm.). 3aknajapiBanuch
yBlaxHuTenu Ha niyouny 0,55 — 0,60 M, a
Hamopbl BOABI B HUX MOMJIEPKUBAINUCH B
npegenax 0,2 0,22 M. CaxeHIB! $07I0HB,
aliBBI, CJIMBBI pacrojarajii B OJHOM CTBOPE OT
BOJIOBBINTycka Ha pacctosuum 0,5, 1,0, 1,5, 2,0
M, a 3aTe€M, 4TOObI HMCKIIOYUTH WIH OCIIA0UTH
B3aMMHOC BJIMSHHUE, CAKCHIIbI Pa3MEIIAIKCH 10
CHUpaJId OTHOCUTETHLHO BOJIOBBIMTYCKA.

B xone wmcciaemoBaHuii Oblla OTMEUYEHA
BBICOKasi HAJEKHOCTh pabOThl  HM3ydaeMou
CUCTEMbI BHYTPUIIOYBEHHOTO OPOIICHHUS U JJAHBI
CIeNYIOIME  PEKOMEHJAIUM IO  YKIAJKe
yBIaKHHUTENEeH. Ha cymecTByronmx mocaakax
caja, C IENbl0 HAMMEHBINETO MOBPEKICHUS
KOPHEBBIX CHCTEM PACTCHHM, BHYTPUIIOUYBCHHAS
OpOCHUTEIbHAS CETh JOJDKHA PacroJiaraTbCs HE
OnmuKe 2 M OT OCH OCHOBHOTO psifia JACPEBHEB.
Jns  cakeHIeB  ONTUMAJIBHOE PACCTOSHHUE
MEXIYy MECTOM TIOCaJKU U BOJIOBBIITYCKOM
cocramger 1 — 1,5 ™. Pacnomarate
BOJIOBBITTYCKH Oimoke 0,5 M HEexenaTenbHO. DTO
CBSI3aHO C TPYIOHOCTSMHU CTPOUTENBCTBA U
MOCJIETYIOILIETO yxoaa 3a CEThIO B
SKCILTyaTallMOHHBIA Tiepuojl. bonee ynanenHoe
paccTosiHue OT CaxeHUeB (2 M) HNPUBOJIUT K
HEJIOCTATOYHOMY YBJIAKHEHHUIO TOYBBI M, Kak
CJIEJICTBHE ATOTO, K OCTAHOBKE POCTa PACTCHUI

B IEPBBIM TOJ TMOCAIKA C 3aMETHBIMHU
OTINYN AMHA B IMoCICaAyromEM Pa3sBUTHUH.
OcHOBHEIE pe3yIbTaThI MPOBEICHHBIX
UCCIIEZIOBAaHUN  TpelcTaBlieHbl B paborax
B. H. JIynena, JL X. Kuwm,

B. M. MaciaeHHHKOBA,
5. XonnpposiHuca.

A. I Opnoga,
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B BUHCOBXO03€ «Abpay-/ropco»
Kpacnomapckoro kxpas ¢ 1978 mno 1984 r.
IPOBOAMIIUCH  MCCIEIOBaHUS Ha  OINBITHO-
MPOM3BOJICTBEHHOM y4acTKe
BHyTpumnouyBeHHoro opoueHus BI'CXA Ha
mommaau 2,4 ra [6].

VBIaOXHUTENH U3 TOHYAPHBIX TPYOOK
mramerpoM 50 MM M TOQpPUPOBAHHBIX
HOJIMATHIIEHOBBIX  MEepGOPUPOBAHHBIX  TPYO

quamerpom 44 MM ¢ 200 oTBepcTHsAMH
nuamerpoMm | MM Ha 1 1. M ObUTH 3aJI0KEHBI Ha
ryouny 0,5 m ¢ ykionom 0,068 -0,071°.
[IpennoxxeHa KOHCTPYKIUS BHYTPUIIOYBEHHOTO
YBIIQXHUTEINS C IJIaBAIOIIMM HamoyiHuTenemM. B
pe3yiabTate  MCCIENOBAaHUW  JOKa3aHO, YTO
BHE/IPEHUE BHYTPUIIOYBEHHOI'O CII0CO0A MOJIMBa
MO3BOJISIET COKPAaTUTh 3aTpaTbl Tpyda IHIpH
BO3/I€TIbIBAHUY BUHOTPAJHUKOB B 2,4 pa3a, CpOK
OKYyITaéMOCTH  3aTpaT Ha  CTPOUTEIHCTBO
coctaBuil | rox. YpokailHOCTh BUHOIpajia Ha
ygactke cocraBmia 14,41 1/ra, 6e3 opoueHus —
4,69 1/ra.

C 1963 roma B coBxO3aX BHHKOMOMHATA
«Macangpa» XepCoHCKOU obJacTu
YxpHUUT uMom [5] TIPOBOIMIIUCH
MCCIIEeIOBAHUS no BHYTPUIIOYBEHHOMY
OpOIIICHWIO  BUHOTPAJHUKOB  Ha  KPYTHIX
CKJIOHAX.

B xome wucciaegoBaHWi H3ydaaud TEXHUKY
BHYTPUITOYBEHHOTO MoJIMBa u ero
3 PeKTUBHOCTD. Paccrosinue MEXITY
YBJIKHUTEISIMU YCTaHaBJIMBAJIOCh B
3aBUCHUMOCTH OT YyKIOHAa MECTHOCTH W
BOJIOYIIOpA. Jnuua  yBnaxuuTenem — u3
KepaMHuYecKuX Tpyo auamerpoM 60 MM
cocraBisiia 50 M. Boma B yBIaXHHTENb
nocrynaia mnoja Hamopom 0,2 0,25 M ¢
pacxonom 1 1,3 n/c, mOMMBBI MPOBOAUIIN
MaJIbIMU TIOJIMBHBIMM HOpMamu (10 22 m/ra)
OJIMH — JIBa pasa B Henemo. B pesynbrate ObLI10
YCTaHOBJIEHO, 4YTO Ha TOPHBIX CKIIOHAX
BHYTPUIIOYBEHHOE OpOILEHHE OOecreunBaer
VIOBJIETBOPUTENBHOE YBJIQKHEHHE TOYBBI H
MOBBIIIAET YPOXKAMHOCTH STOJ BUHOTpaaa B 2 —
2,5 paza 1O CpPaBHEHUIO C HEOPOIIAEMBIM
Y4aCTKOM.

Ha Kypckoit 30HAJIBHOMN ONBITHO-
MenuopatuBHOM ctanuuu BHUUIuM c 1966
roga  MOPOBOJIJIMCH  HUCCIENOBAaHUA IO
BHYTPUIIOYBEHHOMY OpOILICHHIO cajioB [5], mpu
3TOM OBLIO 3alpPOEKTUPOBAHO JBa OMBITHBIX
ygactka. Ha ydactke mmompapto 0,25 ra c

ykionom 0,002 - 0,03° wucnonszoBanm
BHYTPUIIOYBCHHBIC YBJIQXKHUTCIINU n3
nepGopupOBaHHBIX  MOJMUITUICHOBBIX  TPYyO

quamerpom 50 mm.

[lepdopanyin  ObITM  BBITIOJTHEHBI B BUIE
KpPYIJIbIX OTBEpCTUM auamerpoM 8 — 10 mMm ¢
marom uepe3 0,1 — 0,12 M U pacnoyioeHbl B
oavH psaA. Ha onbITHOM oOpomaeMoM ydacTke
IJIOLA/IbI0 3 Ta MPUMEHSUINCH YBIAXKHUTEIN U3
IIJJACTMACCOBOM yIpyroil mjieHku ToammHoi 0,5
- 0,8 mm. M3-3a OTCYTCTBUS CIEIMAIBHBIX
MalMH A7 [POKIAJKU  YBJIKHUTENEH,
CTPOUTEIIECTBO MPOBOAMIIOCH OCCTpPaHIICHHBIM
npenoyknaguukom JIIBH — 1,8 kxoHcTpykunm
Merepckoi 30CM BHUUT'uM,
NpeAHA3HAYEHHOTO [UIsl TPOKIAIKK JpPEeH B
HEesIX OCYHICHUS JIeTKUX TOP(MSHBIX TPYHTOB.
Paccrosinue MEXITy YBIQKHUTEISIMU
cocraBisuio 2 M, Tryouna ykitaaku 0,4 — 0,5 wm,
minHa — 200 M.

B mpouecce  ompenencHuss — KOHTYPOB
VBJIIQKHEHUS OBLIO BBISIBJICHO, YTO OCHOBHOE
YBIIQKHEHUE TMPOUCXOIUT B CJIO€ MOYBBI Ha
rnyoune 0,2 — 1,5 M, a B IBYXMETPOBOM CJIO€
OHO HECKOJIbKO yMeHbImaeTcs. CMbIKaHUE
KOHTYpOB OBLIO JIOCTUTHYTO MPH TOJUBHBIX
ropmax 700 — 900 m*/ra.

B YexocnoBankom HHWHM  opomaemoro
semstefiensl  [7] JUIS  OpPOINCHHUS ILIOJOBBIX
KYJIETYP " BUHOTPAJIA pa3paboraHa
ABTOMAaTH3HPOBaHHAs cucreMa
BHYTPHUIIOYBEHHOTO OpOILICHUS c
ropupOBaHHBIMU MOJIUIIPOIUIIEHOBBIMU
TPyOKaMU-yBIQKHUTEISIMA ~ C  BHYTPECHHUM

auaMeTpoM 23 MM U TOJIMHOM creHok 0,4 —
0,5 Mm.

VBIOKXHUTENIN 3aKIaJbIBAINCh HA TIIYOUHY
0,45 ™, paboumii namop 0,25 0,5 M.
[IponomxurensHocTh noauBa 6 — 10 yacoB npu
WHTEHCUBHOCTH BOJIONOJAa4Yd B KOPHEBYIO 30HY
mouBsl 1,5 — 2,0 mm/a Ha 1 ra. Mcmonb3oBanue
TaKOM CHUCTEMBl TIOBBITIAET A(PPEKTUBHOCTH
BOJIOPACIIPE/ICIICHHS, CHUXKAET 3aTpaThl TPy/a,
BO/Ibl, SHEPTHU U KalTUTAJIOBJIOKEHUM.

B 1993 r. B8 OAO «Canpr Ilpumonss»
T'opoauieHckoro paiiona  Bousrorpaackoii
oOacTy OB 3aJI0’KEH ONBITHBIN YyJacCTOK.

OpocutenbHasi CeTh y4dacTKa MPOBEICHUS
WCCIEI0BAaHUM, COCTOsUIa W3 MarucTpajibHOTO
TpyoonpoBoga d=0,40 M, K KOTOpOMy C
oMoIIpI0 (uIaHIla MPUCOETUHSIIACh TPeOeHKa C
TpeMsl BBIXOJaMH U3 MOTUITHUICHOBBIX TPYO s
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BJIAJIMMUP KOBBACA, AJTb-XA3AAJIU XAUJIEP PAAJ HAJIUM

HaIlOJIHEHUS BOJIOHATIOPHBIX 0aKOB €MKOCThIO 4
M>  (MMEIOUMX aBTOMATHYECKHIl peryisirop
HaIopa MOIJIaBKOBOIO TUIIA) U YBJIAXKHUTENEH C
BHYTPEHHUM auameTrpoM d=34 MM W IIUHOU
150 M. B xadectBe yBIQXHHUTENEH OBLIM
BBIOpaHBl  TIOJUXJIOPBHHIIIOBBIE  TPYOBI  C
MTOJIHOOOOPOTHBIM MOJUATUICHOBBIM HKPAHOM.

Vknanka — yBI@XHHUTENCH  MPOBOAMIIACH
BpYYHYI0O Ha paccTosHuM 1,2 M OT cTBOJA
JICPEBHEB.

[lepdopanms Obuta BeIMONHEHA ¢ d=2 MM H
marom 100 MM B 00€ CTOpPOHBI OT mramba
nepeBa. JliuHa mnepdoprUpoOBaHHOTO ydacTka
cocraBuia 2,4 m.

[TonmHOOGOPOTHBI  TPOTUBOQPHUIBTPALIUOH -
HBI SKpaH BBINOJHEH U3 MOJUATUIEHOBOU
mieHkd mmpuHod 0,4 M. DkpaH oruban
YBIIQXXHUTEIb U UMEJ BBIXOJ BOJABI B CTOPOHY
mrramba Jepena.

YcrpolicTBo JKpaHa BBI3BAHO
HEOOXOJMMOCTBIO  CIIEPKUBATHh  (PUIIBTPAIUIO
BOABI B  HIDKENEXale TOPU3OHTHI, H
NpPENOTBPAILCHUS]  3alJICHHUS, a  TaKkKe
YBEIMYEHUS KOHTYpa yBIAXKHEHUSI.

Takum o0pazom, MHOTOUYMCIICHHBIE
UCCIEeI0OBAaH U MIOKa3bIBAIOT, 9TO
BHYTPUIIOYBEHHOE  OpPOIICHHWE  OKa3bIBaeT
OnaronmpusTHOE BJMSHHE Ha OOIee pa3BUTHE
TIJI0JTOBBIX JIEpEBHEB, CIOCOOCTBYET
YMEHBIICHUIO MEPUOJANYHOCTH TIJI0JOHOUICHUS,
MO3BOJISIET IOJIydaTh JIOCTaTOYHO BBICOKHE
ypoXKa C XOpOLIMM KayecTBOM  IJIOJIOB,
MOBBIIIAET 3UMOCTOUKOCTh TIJI0JTOBBIX
JIEPEBBEB, CIIOCOOCTBYET XopoIuen
MPUKUBAEMOCTH UX CaXKECHIIEB.

CylecTBEHHBIM HEJO0CTATKOM,
TOPMO3SIIIMM BHEAPEHUE BHYTPUIIOYBEHHOIO
OpOILIEHUS] B IMPOU3BOJCTBO, SIBJISIETCS ciabast
IpaKTUYECKasi U TeopeTHyecKas pa3paboTka ero
[IPUEMOB, OTCYTCTBHE M POKOH
HKCIEPUMEHTAIFHOM MPOBEPKH 3TOTO crocoda
MOJINBA.

B cBs3m ¢ gocrarouyHo  OONBIIMMHU
KalUTaJIOBIOXKEHUSIMH  Ha  CTPOUTEIHCTBO
CUCTEM BHYTPUIIOYBEHHOI'O OpOILEHHUS,
HEO0OXOIMMO MPOBEJICHHUE it 183 (S37000170'¢
MCCIIeIOBAaHUM, HAllPaBJICHHBIX Ha YMEHbBILICHHE
CTOMMOCTH JTHX CHCTEM U YyBEJIMYEHUE HX

SKOHOMMUYECKON s¢dekTuBHOCTU IIyTeM
COBEpILEHCTBOBAHUS CYLLECTBYIOLMX
KOHCTPYKIIMH  CHUCTEM  BHYTPUIIOYBEHHOIO

OpOILIEHUSI W METOJOB pacyeTra pexuma u
TEXHUKU MOJIUBA.

OCHOBHOWM  KOHCTPYKTHBHBI  3JIEMEHT,
OTIpe eSO I 0COOEHHOCTH CUCTEMBI
HOAIIOYBEHHOIO (BHYTPHIIOUBEHHOTO)
OpOILIEHHUS, YBIQKHUTENH, KOHCTPYKIHUS W
MaTepuan KOTOPhIX MOTYT BJIHMSATh Ha Xapakrep
U pacnpeaeseHue BOAbl U YBIAXKHEHHS ITOYBBI.

3HauuTeNbHASL 4acThb OTIBITOB,
npeumyiniectBeHHO B CCCP u  @panuuu
IIOCBSIIIEHA peanu3anuu 1300pEeTEeHHOr0
Kopuessim B. T. [10] aGcopOiuoHHOrO
OpOILICHUS, OCHOBAHHOTO Ha HCIIOJIb30BAaHUU
BCAChIBaIOLIEH CHUJIBI IIOYBOTPYHTA B
3aBUCUMOCTH OT €ro BiaxHoctu. Ilpu stom
npejrnosarajach aBTOMaTHYecKas mojaya BOJIbl
B IIOYBY 3a CYET €€ BCachIBAIOUECH CUJbl. B
3aKpBITOM aOCOPOIIMOHHONW CHUCTEME TIIATEIHLHO
TepPMETHU3UPOBAIIM BCE CTBHIKU JUISI UCKITIOUEHUS
CpbIBa Bakyyma. TeM He MeHee Takas CHUCTeMa
BBIXOJMJIA U3  CTPOs, OYEBUIHO, U3-3a
IIPOHMKHOBEHHUSI BO3/yXa 4epe3 MOpbl CTEHOK U
IOCTYIJIEHUSI PaCTBOPEHHOIO B BOJE BO31yXa,
HarpuMep, MpH MOBBIIICHUN €€ TeMIIepPaTyphl.
Ilo muenutro B. b. I'opueea, 3mech ckasanach
MIPOTUBOPEYNBOCTh uaeu 3aKpBITOM
a0bCcopOIIMOHHOM CHUCTEMBI:  YBIQXHUTEIb
OJTHOBPEMEHHO JOJDKEH OBITDH u
MUKPOIIOPUCTBIM, M  3acachlBaTb BOJY W3
uctouHuka  opomeHus. [lpemnoxenue ¢
MEePUOAMYECKOM cOpoce ¢ BOJON HAKOIIIEHHOTO
BO3/lyXa OKa3aJIoOCh HETEXHOJIOTUYHBIM, TaK Kak
TPYIHO YCTaHOBUTb BPEMEHHBIE KPUTEPUH
MpoBeICHUS ATOM omneparuu [11].

[Ipemnoxenne B. I'. KopHeBa 06 oTkpbITOI
aOCOpOLIMOHHOM cHucTeMe B KaKOW-TO Mepe
ObT0 peanu3oBaHo B ombiTax B. I'. JlaGoxs! B
ropablx ycinoBusx Kpeima [12], HO B apyrux
paiioHax, rae TpeOyercs  dyactas  CETh
YBIQXKHUTENIEH, OHO TaKKe HE IOJIY4YUIIo
pacnpocTpaHeHHe Hu3-3a TPYAOEMKOCTH MpHU
MOHTAa)K€ CETH.

B YKprunpoBojxose paspaboTraHa
OpUTHHAIIbHAS HUKITUYHAS BOJIOHOCHO-
a’pallMOHHAsl  CHCTEMa BHYTPUIIOYBEHHOIO
opomeaus [13], mpeacTaBstom@s coOOi CeTh
MOJIUATUIICHOBBIX neppopupoBaHHBIX
TEJIECKONUYECKUX TpyOok jiuuHOH 100 ™
auameTpoMm 16.8 MM mpu auameTpe OTBEpCTUiM
0,7..0,9 mM. B cerb exemHEBHO IIOHarOT
IIOIIEPEMEHHO  BOAY M BO3ayX.  Takas
TEXHOJIOTHSI OpOILIEHUs JOJDKHA COKPaTUTh
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MPOJOJKUTENILHOCTh TOJIMBA M PACHIMPUTH
30HYy BiMsHUA yBiIaxHutenen. [logada Bo3gyxa
KpOME  TOro  MpHU3BaHAa  MPENSATCTBOBATh
3aWJICHUIO YBJIQXHHUTENEH 3a cueT 0Opa3oBaHMs
y KaXIOro OTBEepCTUs oOpaTHOro (GUIIbTpA.
OTOT cnoco® oOTiauYaercs TeM, 4YTO Mojady
BOJIbl MPOU3BOMIST aBTOMATHYECKU MO Tpaduky
(¢uIbTpaly Ha MPOTSHKEHUHU NIEPBOM €€ CTauu
- BIIUTBIBAHMS U IPEKPAIlAlOT B Hayalie BTOPOi
craauu - q)HHLTpaI_II/II/I, IIOCJIE 4YE€T0 HAYMWHAKT
nojayy BO3dyXxa JO MOMEHTa IIOJIHOIO
OTIOPOKHEHHS CETH, O YeM CYIST MO Pe3KOMY
MaZACHUIO OJaBJICHUA BO3/1yXa B CCTH.

Ilo croco0y o auu BO/IBI
BHYTPUIIOYBEHHBIE CHCTEMBI MOKHO Pa3leluTh
Ha BakyyMHbIE WU  aJCOpPOIMOHHBIE C
KaluJUIAPHBIM yBIIQ)KHEHUEM (BOJAA IMOCTYMaeT
K pacTeHHsM Oriarojaps BCachIBAIOLIMM CHJIAM
[IOYBBI), HM3KOHANOPHBIE C KANWIUISPHO -
rpaBUTALMOHHBIM YBIIQKHEHUEM (Boma
pactipenenseTcs IO CETH CaMOTEKOM) U
HammoOpHBIC C TPABUTAIMOHHO - KallWJJIAPHBIM
yBIIaXKHEHHWEM (BOJa MOJAeTcss B MOYBY IpH
CO3/IaHUH MCKYCCTBEHHOIO HAIopa.

IIpy HamopHOM BHJAE BHYTPUIIOYBEHHOI'O
OpOILIGHHUSI BOJAa B Tpydax HaXOAUTCS MO
HEKOTOpPBIM  HAlopoM, a  Xapakrep  ee
IMOCTYIIJICHUSA B IIOYBY 6YILGT 3aBUCETH OT
KOHCTPYKIIMU YBIaXHUTeNeH. B Tom cmydae,
ecii B TpyOax MMEET MECTO COCPEAOTOYCHHBIN
BBIXOJ1 BO/IbI (OTBEPCTUS, LIENH U T.I1.), TO BOJA,
MOCTYNHBIIAS B TMOYBY, MEpeABUTaeTcsl B Hew
[JaBHBIM 00pa3oM TIOA JEHCTBUEM  CHIIBI
TSHKECTU M TMApOCTaTUYecKoro AasieHus. Eciu
BBIXOJI BOJABI B TIOYBY MPOUCXOJUT Uepe3
MOPUCTYI0  TOBEPXHOCTh  TpPyO, TO  ee
JaJIbHEIee MepeBMKEHHEe B IOYBE OyneT
HOCUTh  MPEUMYIIECTBEHHO  KaNMJUISAPHBIN
XapakTep.

OT  KOHCTpPYKIUU BHYTPUIIOYBEHHBIX
VBIIAXXHUTENEH 3aBUCUT HAJEKHOCTh PadOTHI
OpPOCHUTENIBHOM CHCTEMBI, XapaKTep YBJIa)KHEHUS
MOYBBI U pa3Mep 3aTpar Ha CTPOUTENIHCTBO.

ITo cnocoOy ycTpoiicTBa BHYTPUIIOYBEHHBIX
YBIIQKHUTENEW pA3IMYAI0OT BHYTPUIIOYBEHHOE
OpOIllEHHE MO TpydaM, BBIMOJHEHHBIM U3
pa3NUYHBIX MaTepUaIoB (KepaMHYeCKue TPYOHI,
MYCTOTENBIA KUPINY, YEPENHIa, TIOCKU U T.I1.) U
0, TaK Ha3blBaeMbIM, KPOTOBHHAM, Hapeska
KOTOPBIX OCYHICCTBJIACTCA CIielraJbHbIMHU
MCXaHU3MaMH, IMYTEM BbBLJABJIMBAHUA B IIOYBC
HUAJTUHIPUYECKON WM WHOU (QOpPMBI MOJIOCTH

[8]. Haunbonbiee
NPUMEHEHUE HalUld  TpyOuaTble CHUCTEMBI
BHYTPUIIOYBEHHOTO  oOpolueHus. VcmbitaHo
MHOXECTBO pa3IMYHBIX BHUAOB Tpy0 — 3TO
TOHYApHBIC U KEPAMHUUYECKHE C BBIXOJIOM BOJIBI B
CTBIKAX, 4Yepe3 OTBEpPCTHs, ILIEIM B CTEHKax
TpyO, OETOHHBIE, TeCUaHO-OUTYMHBIE, U3 TOJIS U
apyrue. B mocrnenHee BpeMmsi MpennouYTeHHE
CTalli  OTHaBaTh TpydaM U3 TOJMMEPHBIX
MaTepHaoB - MOJINITHIIEHOBBIM U
MOJINXJIOPBUHUJIOBBIM C BBIXOZOM BOJIBI Yepe3
nepdopaluu U LEenu. ITO CBA3AHO C TEM, YTO
CTPOUTENBCTBO CHUCTEMbl BHYTPHUIIOUBEHHOI'O
OpOLICHHSI TIPH ATOM 3HAYHUTEIBHO JICIIEBIIC H
yKIaaka Tpy0 MOXeT OBITb  IOJHOCTBIO
MEXaHHU3UPOBaAHA. I'onuapHbie TpYOKH
JOCTaTOYHO  TPOYHBI, HE  TOJBEPraroTCs
KOppO3HHM, HMEIOT HEOOBIIyI0 CTOMMOCTB,
OJTHAKO 3HAYUTENbHas Macca HUX, CIO0XHOCTb
MEXaHH3WPOBAHHOM  YyKIagku, OO  mpw
TPaHCIOPTHUPOBKE CIIEP’KUBAIOT
IIPOU3BOCTBEHHOE BHEJIPEHUE CHCTEM
BHYTPUIIOYBEHHOIO  OpPOIICHUST C  TaKUMHU
YBIAKHUTEISMHU.

[lpuMeHeHne TMONMATUIICHOBBIX TPyO B
MEJIMOPAaTUBHONW MpaKTUKEe CIIOCOOCTBOBAJIO
paclMpeHuI0 U YrIyOoleHHuIo paboT B obmacTu
BHYTPUIIOUYBEHHOIO OpOIICHHUS. OTU TpPYOBI
o0nagaroT Majaoli MacCoM, BIACTHYHOCTBIO,
BBICOKOM  MEXaHUYECKOW  MPOYHOCTBIO U
XAMHYECKOH  cTOMKOCThIO.  CTpouTeIbHBIE
pacxonapl — mpu  OecTpaHUICHHON  yKIaake
MOJINATUIIEHOBBIX TPYO cokparmatorcss Ha 60 -
80 % [5]. DBbimomHeHHEe — pa3IHYHBIX
nepdoparuii B TakuxX Tpydax IMO3BOJSET
YMEHBIIMTh 3aWJICHUE U 3apacTaHue KOPHSIMH
pacTeHuil BHYTPEHHEHN MOJIOCTH YBJIAXKHUTEIICH.

[Ipu ucnonb30BaHUU LEIBHOTAHYTBHIX TPYO
B Ka4eCTBE yBJIAKHUTENICH YIIPOCTUIICS MPOIECC
CTPOMUTENBCTBA YYAaCTKOB BHYTPHUIIOYBEHHOTO
OpOLIeHHS,  O0COOEHHO C  TNPUMEHEHHEM
OecTpaHILEHHBIX TpPyOOyKIaguukoB. OTmagaer
OlHa U3 CcaMBIX TPYIOEMKHX paboT —
BBINIOJTHEHUE CTBIKOB TpPyO, HET ONAaCHOCTU
CMEUICHHSI CTHIKOB B TpaHIEe W BBHIXOAA W3
ctposi  yBinaxuutened. Kak crnenctBue —
YBEIMYMBAETCS HAAEKHOCTh B SKCILUIyaTallUH
Y4aCTKOB BHYTPHUITOYBEHHOTO OPOIICHUSI.

BuyTpunouBeHHO-KpOTOBOE OpoIlIeHHE
ABNIsiCTCS HanboJiee MEIeBBIM U JOCTYITHBIM.
Ilpu »sTOoM cmocobe TMoJMBa YBIAKHHUTEIH
UMEIOT BHUJ <GEMIISIHBIX TpyO», Ha3bIBAEMBIX

MMpOU3BOACTBCHHOC
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HCKYCCTBEHHBIMH C XOPOIIO  BBIPOKEHHOM
kanuuispHocThio.  [llupokoe BHeapeHue B
IIPOU3BOJCTBO BHYTPHUIIOYBEHHO-KPOTOBOIO
OpOIIICHUST  CACPKUBACTCS HW3-32 KOPOTKOTO
CpOKa CIIy»ObI TakKuxX cucteM. {7151 yMeHbIeHUs
MMPOHWUKHOBCHHWA BOALI B FJ'IY60KI/IG CJION ITOYBBI
(ocoOeHHO Ha MOYBaxX ¢ BBICOKOU (DMIIBTpAIIUEi )
M JIy4IIeTO  pPacHpoCTpaHEHUss €€ B
TOPU30HTAJIBLHOM HANpPaBJIEHUM Ha TPyOUaThIX

CUCTEMax  BHYTPUIIOYBEHHOIO OpOILCHUS
yYCTpauBaroT pas3iIuyHbIe
IPOTUBOPUIBTPALIMOHHBIE JKPaHBbI,

BBIMIOJIHEHHBIC W3 TOJHUITHICHOBON IJICHKH,
pybOepowuia, cTekaoBartel u T.1. [9].

Haubomnee MM POKHE HCCIeIOBaHUS
BHYTPUIIOYBEHHOTO OpOINCHHS TPOBEIACHBI B
Y30ekucrane (B lonoanoi CTETN).
[TonmmaTHIIEHOBBIE TPYOKU - YBIaXKHUTEIN
3aKJ1a/IbIBAITH Kak c MTOMOIIBIO
V3KOTPAaHIICHHOTO ~ JKCKaBaTopa, TakK W
OecTpaHmeiHBIM  crocoboM.  [Ipumensunch

TpyOku paumamerpoMm oT 38 10 16 mMm ¢
nepdopanuerr  guamerpom 1,5..2 MM #©
paccTosiHuEM Mexay yBiaaxkHurtenasmu ot 0,9 1o
1,8 m.

VKIOH BAOJb YBIQKHUTENIEH IIMHOW 0
200 M 6b11 pasen 0,002 — 0,01.

HccnenoBaHust  MO3BOJIMIM  YCTAaHOBHTD
CIIEyIOIIME MPEUMYILECTBA BHYTPUIIOYBEHHOTO
OpOILICHHUS: TOBBIIICHUE ypOoXkasi B CpEIHEM Ha
15 % (mpu 3arymieHHBIX TOCEBAX JaXke MOYTH
B/BOE), dSKoHOMHIO Bomel J0 30...50 %,
CHIDKEHHUE 3aTpaT, Tpylda Ha MOocje MOJHUBHBIE
00paboTKH U 6OPBOY C COPHSIKAMU.

B 3apy0exHBIX HMCTOYHHKAX
IPEUMYIIECTBEHHO JEISHOYHbBIE OIBITHI, IJe
U3ydajgach CBs3b PA3IUUYHBIX KOHCTPYKLUH
VBIIQXXHUTEIEH C ypOXKaeM M pacxXoJOBaHHEM
BO/bI. VCIIBITHIBATICH IJIACTMACCOBBIE TPYOKU
Majoro JauamMerpa C KOJOTOM M CBEpJICHOHN
nepdoparueid, a  TaKKe ¢ IICTIEBBIMA
BozoBbINyckamu. [lo3nHee mepdopanuio cranu

OIIMCaHBI

3alM AT CHeUaIbHBIMU KO3BIPBKOM,
HNPYKUHHBIMHM KJIallaHaMH, OTKPBIBAIOLIMUCS
TOJIBKO Ha Bpems nouuBa. IlpumeHeHue
AJIACTOMEPOB  JUIi  W3TOTOBJEHUS  TPYOOK

IIO3BOJIMJIO BBINOJHATh IICJIEBBIE OTBEPCTHS,
[IEPEKPBIBAIOLIMECS 32 CYET DIIACTUYHOCTH
caMoro Martepuasja ©0e€3 IOMOIM IIPYXKHH.
IIprHIUI UX IEHCTBUSI OCHOBAH HA PACKPBITUU
LIeJIe NIPU IOHUKEHUU HAIlOpa B YBIIAXKHUTEIE
Y 3aKpBITUU IIPH YBEIMYEHUH HATIOPA.

Nmeercss MHOXKECTBO JIPYIMX PEIICHUM IJIst

BBHIDABHUBAHUS pa3ladydl BOABI MO JUIMHE
TPYOOK-YBITOKHUTEIICH MPUMEHEHUE
acOECTOBBIX WJIM  HEUJIOHOBBIX  (UTHIIEH,

M3MEHEHHME IUIOTHOCTU BOJIOKOH IO JUINHE
TpyOku. st 3anmThl niepdopanuu OT 3a0UBKH
MPUMEHSAIOT TaKKe IJIACTMACCOBBIE HACaKH,
KOTOPBIMU  OCHAIIAIOTCS  YBJIAXKHUTEIHU TPU
ykiagke B nousy. Kak mpaBuiio, JUisl yKIaaku
VBIIOKHHUTEICH TPUMEHSIOT OecTpaHIIeHHbIN
crnoco0, B TOM YHcCiI€ MOAU(DUIIMPOBAHHBIE
CEJIbCKOXO35MCTBEHHBIE OpPYAMSI.

HUccnenosarenamu I'epmanun OBLIH
MOCTaBJCHBl  OoJiee  IIMPOKUE OMBITHI  C
BHYTPUIIOUBEHHBIM OPOLICHUEM 110 METOIy
Hunepsemmepa [14].

IIpennoxxennas HunepsemmepoM cucreMa
BHYTPUIIOYBEHHOIO OpOILECHUS JJIsi YCIOBHIl
apuIHOM 30HBI 3amagHOM 4acth Typuuu Ha
XJIOMTYaTHUKE (cpean3eMHOMOpPCKOE
nmoOepexbe)  JAOCTAaTOYHO  JIOPOTOCTOSINAS,
OJIHAKO SKCILTyaTallHOHHBIE 3aTPaThl MEHBIIE,
4yeM Ipu JnoxjaeBaHuu B 3,4 pa3a. OCHOBHBIE
BBIBO/Ibl TAKOBBI:

- IIPU BHYTPUIIOYBEHHOM OPOILEHUU HEJb3s
MpPOBOJUTH JIETHUH CE€B, T.K. HEBO3MOXHO
o0ecreunTh MOBCEMECTHYIO BCXOXKECTh CEMSH,
Hed(pPeKTUBHA  MOBEPXHOCTHAS  IOJKOPMKA
yAOOpEHUsIMH,

- TOCTOSIHHAS TOJaya BOJbI HEIOMyCTHMa
n3-3a HECOOTBETCTBUS BIUTHIBAIOLIEH
CIIOCOOHOCTH IIOYBBI M HEOOXOOMMOIO €€
KOJTMYECTBA JUIsl PACTEHUH,

- HemenecooOpa3HoCTh
OJIHOJIETHUX KYJIBTYD,
MHOTOJIETHUE KYJIbTYPHI,

- DKOHOMHUS BOJIbI MPHU BHYTPUIIOUYBEHHOM
opouieHuH cocrasysieT 30 % 1o CpaBHEHHIO C
JIpYyruMH criocobamu, Ha 1 11 Xjomka-celpla B
Jy4UMX BapUaHTaX OINbITa pPacxoJOBaJoCh 58
M BOJIBI, a CPEIHMI TTOKA3aTeNb 33 YeThIPE rofa
ONBITOB HE OTIMYaeTCs OT JPYIHX CIOCOOOB
OpOILIEH U,

- HauJydIme pe3ynbTaThl
BHYTPUIIOUBEHHOE OpPOLICHHE JaBajlo IpHU
VKJIaJIKe TUICHOYHOTO SKpaHa Ha niryoune 0,8 wm,
Ha KOTOPbIA TMOMEHAJICA TOJUITUIICHOBBIH
TpyOOIIPOBOA Majoro jadameTrpa d4epe3 3 M.
OTMe4eHO, YTO IJIEHOYHBIN 3KpaH HMIMPUHOU 2
M OrpaHMYMBAI HAKOIUIEHHE 3MMHE-BECEHHEH
BJIaTU B IMEPUOJ JO0XKJIEH, MO3TOMY IOJUBBI
MPUXOJUJIOCh HaduHaTh padble. Hammuue

BBIpAIMBAHUS
PEKOMEH TyOTCS

206



AHAJIN3 CIIOCOBOB U TEXHUYECKUX CPEACTB UIA OPOILIEHUA TUIOJOBbBIX
HACAXJIEHUI B VCJIOBUSIX UPAKA

¢unbTpa U3 MOCIOHHO  IepepaboTaHHOIOo
IpyHTa (CHadaja Ha SKpaH MONAJAIT KPyIMHBIE
dpakiuu, 3aTeM CpeIHHE W MEJKHE) CO3Ja0T
OnmaronmpusTHbIE  YCIIOBUS  JUII  OOKOBOIO
pacripenenieHuss BOJABI 1O TIOJOCE IMPUHOM

2.4 m.

Vinagka  Tpy0 B TOYBaX  MOXKET
OCYLIECTBIIATHCS TpaHUICHHBIM,
Y3KOTpaHIICHHBIM u OecTpaHIICHHBIM
criocobami.

TpaHIeHBIN U Y3KOTpaHIIEHHBINH CIIOCOObI
YKIIa1KU TpyO XapaKTepu3yrTcs
3HAYUTENBHBIM  00beMOM  paboOT, BBIHOCOM

MUHEPAIBHOMN MTOYBBI HA THEBHYIO IOBEPXHOCTh
U CMELIMBAaHUEM ITOCIEIAHEN C T'YMYCHBIM CIEM
npu  3aceimake  TpaHmen. Kpome  Toro,
KOHCTPYKIIMSI ~ COBPEMEHHBIX  TPAHIIEHMHBIX
TPYOOYKIIQAUMKOB XapaKTepU3yeTcs HaIMdueM
3HAQYUTEJIBHOTO KOJIMHUYECTBA KMHEMATHYECKUX

CBs3el, 4YTO TpH paboTe B  YCIOBHUAX
aOpa3uBHOW cpeabl MPUBOAUT K YaCThIM
noJioMKaM. Takue TpYyOOYKIaQTUUKH TEpSIOT

TPYIOCIIOCOOHOCTh HA TMJIACTUYECKUX JIUITKUX
MOYBax.

Psn yuenwvix: C. B. Kpaseu, M. JI. Kacnun,
O. JI. Pomanosckuii, B. M. Cymones [17-19]
MOATBEPIUITH 1eaecoo0pa3HoCTh
MNpOoKIaaAbIBaHUA TMMOA3CMHBIX KOMMYHI/IKaIII/Iﬁ
OectpaHmeiHBIM crocoooM. OH H30aBIsSET OT
HEJIOCTaTKOB, KOTOpbIE CBOMCTBEHHBI
TPAHIICWHOMY W Y3KOTPaHIICWHOMY cIloco0am
U CHI)XaeT ce0ecTOMMOCTh CTPOUTENILCTBA Ha

12 % [20].

OCHOBHBIE MTPEUMYIIECTBA OECTPAHIIICHHOTO
criocoba MPOKJIA/IbIBAH U MO/I3€MHBIX
KoMMyHuKanuii [15,16]:

— BBICOKas pabouas CKOpOCTb

npokIaabiBaHus (10 5 Km/4ac), a ¢ HEKW U
MPOM3BOJUTEIBHOCTD TPY/A,

— yYMeEHbIIleHHEe 00beMa 3eMJISTHBIX paboTB
3-5 pa3 3a cyer COBMELICHHS IPOLECCOB
(dopMUpOBaHUs LIENH, MOJAUYN U KIAJAKU TPYObI
Y IBaKpBITHS eI,

— COXpaHGHHME TYMYCHOTO  CJIOS  Ha
MMOBCPXHOCTHU IIOYBBI u, COOTBCTCTBCHHO,
MUHUMU3AIUS TEXHOTEHHOTO BIIMSIHHUS —Ha
OKPYKAIOIIIyI0 Cpexny,

—  BO3MOXHOCTb HCIIOJIb30BAHHS B

OOB&IBHBIX II0YBAX, a TaKKe B IIOYBAX C

BBICOKUM YPOBHEM CTOSIHUSI TPYHTOBBIX BOJI.
Pabouue OpraHbl OecTpaHIIEHHBIX

YKIIQTIMKOB Tpyo UMEIOT POCTYIO

KOHCTPYKIMIO,  BBICOKYIO  HAJEKHOCTb U
CPAaBHHUTEIBHO HEBBICOKYIO CTOMMOCTh. B
CPaBHEHHMM C TpAHIIEHHBIMH UX YJeJIbHas
sHeproeMkoctb Ha 15-20 %, a ynenpHas
MmetaioeMkocTh Ha 40-50 % menbie [15].

AHaM3 NaTeHTHOM M HayYHO-TEXHUYECKOMN
JUTEpaTypbl TIOKa3ajl, 4YTO CYILIECTBYET Pl
TEXHHUYECKUX pEUICHHWI, HalpaBJICHHBIX Ha
BBIIIOJIHEHUE orepanui o YKIIaJIKe
TPyOOIIPOBOZOB  OECTpaHILEHHBIM CIIOCOOOM,
KOTOPBIH Oazupyercs Ha IpUHITUTIC
BEPTUKAJILHOTO 3aryoIeHUs THOKHMX
TpyoompoBoaoB [21].

V3BeCTHBIMU €CTh TEXHUYECKUE DPEUICHUS,
HalpaBlieHHblE Ha pa3pabOTKy KOHCTPYKLUH

pabounx  OpraHoB Ui  OCYIICCTBJICHUS
MHOTOSIpyCHOU pa3pabotku rpyHTa [15,21,22],
KOTOpast XapaKTepu3yeTcst HaMMEeHbIIeH
HEPrOEMKOCTBIO.

Tatoke W3BECTHBI HOXEBbIe Kaleme- U
TpyOoyknamuuku  [21], pabota  KOTOpBIX
OCHOBBIBACTCS Ha MPUHIUIE pa3pe3aHus
HIOYBHI.

Jns  mpoKTaibIBaHWS — IIACTMAcCOBBIX

TPyOONIPOBOZIOB  HCIIONB3YIOT YKIQMIUKA Ha
0a3e KOJIECHBIX M TYCEHHYHBIX TpakTopoB. [lo
TUNy 0a30BOr0 IIACCH MOXKHO HCIIOJIb30BaTh
NpHUIETHBIE, HABECHBIE W  IIOJyHAaBECHBIC
Tpyboykmagurku [16].

Tax wampumep, Tpyooyknamunk STR 150
(puc. 1) (ABcTpanusi) YKJIa/IbIBacT
OpPOCHUTEIIEHBIE TPYOOIIPOBOIBI JHAMETPOM JIO
70 MM Ha miyomny g0 0,6 m. PabGouee
o0OpyIoBaHME  BKIIOYACT  BEPTHUKAIBHBIN
pa3pe3Holl HOX C HE3a0CTPEHHOW pe3aIbHOM
KPOMKOH M J0JOTOOOpa3HBI HOX, a TaKKe
TPYOOHAIPABIISIIOIIEE YCTPOWCTBO YIS MOAAYH
Tpyo. TpybOoyknamuuk Caterpillar (CIIA) na
Oaze rycenumuHoro Tpakropa Caterpillar D6H
(puc. 2) BBIIOTHEH B  BHAEC  HOXa-
pacmynmBaTens C IIAPHUPHO 3aKPEIIEHHBIM
TPYOOHAIPABJISFOIIAM YCTPOHCTBOM TUTS
nmoja4yv TPyoorpoBoja auamerpom g0 70 MM
[23]. T'mybuna yknaaku Tpyo 10 0,6 M.

B ykmamumkax tpyd KY — 25 u KY — 120 B
Ka4eCcTBE pabouero obopynoBaHus
UCHOJIB3YIOTCS  J0JIOTOOOpa3HbIe HOXH. OTH
YKIIQTIUKH npeIHa3HaYCHBI Ut
OecTpaHIICHOTO YKIIaIbIBAHUSI
MOJIMA3TUIIEHOBBIX TPYO TONIMHON 35-75 MM Ha
TIyOuHY 1,2 ™M ¢  OJTHOBPEMEHHBIM
IPOKJIaIbIBAHUEM KOHTPOJIbHOM JIEHTHI [24].
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Puc. 1. Tpyboyknamumk STR 150: a —
pabodee oOopymoBaHue TpyOOyKIamgInKa, O—
Tpyooyknaguuk  STR 150 B pabouem
IIOJIOKEHU U

Fig. 1. Pipelayer STR 150: a - Operating
pipelay equipment, b- pipelayer STR 150 in the
working position

To ectb, paboune opraHbl OecTpaHILEHHBIX
YKJIaTYMKOB TpyO UMEIOT MPOCTYIO
KOHCTPYKIIMIO,  BBICOKYIO  HAJeKHOCTh H
CPaBHHUTEJIBHO HEBBICOKYID CTOMMOCTb, YTO
CYIIECTBEHHO  YBEIMYHMBACT  BO3MOXXHOCTH
MPUMEHEHHU s OECTPAHIIICHHOTO crioco0a.

BBIBO/1bI

1. Takum o0pazom, Hanboee
MEePCIEKTUBHBIM crocobom OpOILEHU S
MJIOJIOBBIX HACaXJEHWM M BHUHOTPAIHUKOB B
YCIIOBUSIX Upaxa ciemyer CUMTaTh
BHYTPUIIOYBEHHOE OPOILEHHUE.

2. B Ka4yecTBe YBIIQKHUTENEH
PEKOMEHAYIOTCS TOHKOCTEHHBIE
ropupoBarHbie TPYObl nTuameTrpom 25...50 Mm
¢ nepdopauneit Bo BnaauHax rodpa, auamerp
OTBEepCTHIl — HE Oojiee 1 MM, YHCIIO OTBEPCTHA
or 100 mo 600 wa merp, muamerp TpPYOOK-
YBJIQXKHUTENEN — NOCTOSHHBIN 10 BCEU JIMHE.

3. OO0sBarenbHBIM  YCIOBHEM  SIBJISCTCS
3anmTa nepdopanuu  myreM 000payMBaHUS
TPYOKH PYJIOHHBIM HETHHUIONIMM MaTepHalioM
(KampoH,  CTEKIOTKaHb,  MOJIUATUIICHOBAS,
TIJIEHKA WJIM UX KOMOWHAIIHSA).

4. PexomenmayeTcst OecTpaHIICHHBIN CITOCOO
YKJTaJIKA TPYyO-yBIAXHUTEIEH, KOTOPBII
O0asupyercss Ha MPUHIUIE BEPTHKAIBHOTO
3arTyOsieHus THOKUX TPYOOIIPOBOIOB B ITOYBY.

Puc. 2. Tpyooyknamuuk Caterpillar D6H:
a — pabouee obOopynoBaHUE TPYOOYKIATUUKA,
06 — tpyboykitaguuk Caterpillar D6H B paGouem
ITOJIOXKEHHUU

Fig. 2. Pipelayer Caterpillar D6H: a v
Operating pipelay equipment, b — pipelayer
Caterpillar D6H in working position
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ANALYSIS METHODS AND TECHNICAL
EQUIPMENT FOR IRRIGATION PLANTS
FRUIT IN THE IRAQ

Summary. The methods, technologies, design
techniques and systems for irrigation of
perennial fruit trees are analyzes in this article.
Thus, the most promising method of irrigation
of fruit plantations and vineyards in terms of
Iraq should be considered as subsurface
irrigation.

As moisturizers are recommended for thin-
walled corrugated pipe with a diameter of
25..50 mm with perforations in the valleys of
the corrugation, the hole diameter is not more
than 1 mm, the number of holes from 100 to 600
per meter, the diameter of the pipes-humidifiers
is constant throughout its length.

A mandatory condition is to protect the
perforation by wrapping the tube roll rot
material (nylon, fiberglass, plastic, foil or a
combination thereof).

Recommended trenchless method of laying
pipes-humidifiers, which is based on the
principle of vertical penetration of flexible
tubing into the soil.

Key words: fruit plantations, irrigation system,
subsurface irrigation,  humidifier,  humidifiers
design impervious screen.
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Aunnorauus. IlpoBeaeHHO wuccnenoBaHue
BIIUSHUS TEMIIEPATyphl CIIEKAaHUS U pa3MoJia Ha
CTPYKTYPY U CBOMCTBA 00pa3IioB KapOUIOCTAIH
Ha OCHOBE XPOMHCTOM CTalu C J00aBKaMu
Kapouaa 6opa. YcraHoBIeHoO, 9TO
ONTUMAJIbHBIM COUYeTaHUEM ¢bu3nKo-
MEXaHUYECKUX CBOMCTB OONAgalOT CIIEYECHHbBIE
oOpa3upl  kapOupoctanmu ¢ gobaBkamu 3%
Kapoua oopa. [IpoBenens TOJIEBBIC
UCIIBITAaHUS Ha OTIBITHO- X035 ICTBEHHOM
MPEANIPUITHN npu HammonaneHoM
YHUBEPCUTETE O6uopecypcon u
IIPUPOAOIIOIB30BaHNE YKpauHbl. Pesynbrarsl
UCITBITAaHU T MOJIOTKOB, apMUPOBAHHBIX
AKCTIIEPUMEHTAIBHBIMA BCTaBKaMH, IOKa3alu
MOBEIIICHNE B 3-3,5 pasbl cpoka paboThl IO
CPaBHEHUIO C CEPUMHBIMU MOJIOTKAMH.

[lpoBeneHHOEe  uccClieOBaHUE  BIMSHHS
TEMIEpaTypsl CHEKaHUs Ha CTPYKTYypy U
cBOMCTBa o0OpasnoB kapoumoctamm X13M2-
Cr3Cy-B4C  mo3BONIMIO  YCTaHOBHTH, 4YTO
MCIIOJIb30BAHME CIIEKaHUS B BaKyyMe MO3BOJISIET
MOJIYYUTh  KapOMJOCTald €  JIOCTaTOYHBIM
YPOBHEM (PM3UKO-MEXaHUYECKUX CBOWCTB.

[lo pesynbTatam HCHOBITAHUHA, KOTOpBIE
MPOBOJUINCH, HA  OMNBITHO-XO3SICTBEHHOM
MPEANPUATUN npu Hanunonansnom
YHUBEPCUTETE O6uopecypcos u
MPUPOJIOINOIb30BAHUE  YKpPauHbI, MOJOTKH,
apMUPOBAHHBIE CBAPHBIMU  BCTaBKaAMH U3
cILIaBa X13M2-Cr3C,-B4C, IMOKa3aJIx
MOBBIIICHUE CPOKY pabOTHl B 3-3,5 pa3bl BhIIIC
CEpUHHBIX MOJIOTKOB U3 cramu 651 wu

PEKOMEHJIOBaHHBIE K  NPOU3BOJICTBEHHOMY
UCIIO0JIB30BAHUIO B cocTase podunok BMK-1.
KiroueBble cioBa: HepkaBerolas CTajb,
KapOugocTallb, CIEKaHUE, KapOHa  Xpoma,
KkapOux Oopa, BOCCTAaHOBJIEHWE, YIPOYHEHUE,
KOPMOIIPUTOTOBUTENBHBIE MAILMHBI.

[NOCTAHOBKA ITPOBJIEMbI

Paboune OpraHbl pa3sHo00pa3HbIX
MEXaHU3MOB u o0opynoBaHue
XKHBOTHOBOAUYECKUX (PepM - 3TO JIeTaau TPEeHHUs,
KOTOpBIE 10 CBOEMY KOJHMYECTBY B HECKOJBKO
pa3 MpeBBIIAIT Hapsl TpeHus. [lorepu macch
MeTajla B pesyabraTe  HMX  H3HOCA
TEXHOJOTMYECKUMHU MaTepuajamMu OoJble U
cra"oBAT ot 10 g0 50% ux mMacchl, a HHOTJA U
Oosee, TOorna Kak MOTEpPU Macchl MeTajlla MpH
U3HOCE COMPSDKEHHBIX TEJ TPEHUS B YCIOBUSIX
cMasku kosebnercs B npenenax 0,1-1,0%.

AHAJIN3 TIOCJHEJHNX UCCJIEIOBAHUI
U ITIYBJIMKALTAN

N3noc  paboumx  rpaHell  MOJIOTKOB
IPOXOAUT B TOTOKE 3EPHOBBIX CMecei, B
COCTaBe KOTOPBIX €CTh a0pa3uBHBIE MPUMECH 10
4 % rpynroBoi mbutn [1-5].

Jns  W3MenbYeHHS XPYIKUX IPOIYKTOB
UCIIONIB3YIOTCS HM3MEJbUUTENIbHBIC —armaparsl,
pabouuM Y3IIOM KOTOPBIX SIBJISIETCS POTOpP CO
CBOOOZHO TOJBEUIICHHBIMH IUIACTUHAMH U3
cranu 650, cramp 45, KoTopble pabOTAOT IO
NpUHIUITY CcBOOOgHOTO ymapa. CTOWKOCTh
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TaKUX MOJIOTKOB HE BBICOKAs U OLIEHUBAETCS B
TOHHaX M3MEJIbYEHHOIO MPOAYKTa Ha OJHY
pabouyto TpaHb JIO €€ KaTracTpo(uUYECKOro
U3HOCA.

Hu3skas MU3HOCOCTOMKOCTh CEepUIHBIX
MOJIOTKOB M 3HAuUTENbHBIE 3aTPaThl MO HX
TEXHHUYECKOMY OOCITYyXHBAaHUIO CYIIECTBEHHO
CHUIKAeT TEXHUKO-PKOHOMHYECKHUE MOKa3aTean

JKCILTyaTalux KOPMOIIPUTOTOBUTENBHBIX
MalH.

[Ipakrrkoit JKCILTyaTaluu
KOPMOIIPUTOTOBUTEIBHBIX MalMH

YCTaHOBJIEHO, YTO JOJITOBEUYHOCTh UX CEPUHUHBIX
pabouux opranoB He mnpebimaet 150-200 ToHH
HapaOOTKU Ha O/IHY TPaHb.

HaxkoruieH 3Ha4MTENBHBIN, TEOPETUYECKUH U
npaktudyeckuii ombIT [6-9], a Tamke Hamm
MCCIIE0OBaHUs MOATBEPKAAIOT, YTO OJHUM H3
BO3MOKHBIX METOJOB TOBBIIICHUS CTOMKOCTH
JieTaneu MPOTHUB aObpa3uBHOTO u
KOPPO3UOHHOTO pa3pylleHUus U HaJIeKHOCTH
OBICTPOM3HAIIMBANMBIX neranen
KOPMOITPUTOTOBUTENBHBIX MalliH u
MEXaHU3MOB SIBJIIETCS HMCIOJB30BAHHUE IS UX
M3TOTOBJICHUS MTOPOIIKOBBIX KEePaMHKO-
METAJNINYECKUX MAaTEepUalIoOB C TIETEPOreHHOU
CTPYKTYpO#, B TOM uucie 0e3BONb(pPaMOBBIX
TBEpABIX  CIJIABOB, KapOuocranen u
HEpKABEIOIMX CTAJIEH C IPUCATKAMM.

Hepxageronme cranu M3 3KOHOMHYECKOM,
TEXHOJIOTUYECKON TOYEK 3pEHHUs] U 32 YPOBHEM
(U3HKO-MEXaHUYECKUX  CBOWMCTB  SIBISIIOTCS
HanOoJiee MPUTOJHONW OCHOBOW MJIsi CO3TAHUS
KapOujocTanel ¢ yuactueM kapOujaa xpoma.

OTH CIIaBbl MaJIOMCCIIEI0BaHbl, BMECTE C
TEM TI0 YPOBHIO (U3HKO-MEXaHUUYECKHX U
OKCIIJTyaTaI[MOHHBIX CBOWCTB OHH SBJISIFOTCS
MEepCIEeKTUBHBIMU Marepuaiamu JUTSt
W3rOTOBJICHUSI  JETAJIE C  IMOBBILICHHOM
M3HOCOCTOMKOCTBIO, KOTOpPBIE MOIYT TAaKKe

IKCIUTYaTHPOBAThCS B KOPPO3HOHHOAKTHBHBIX
cpenax [10-16].

[NOCTAHOBKA 3ATIAUN

Lenp  ganHOM  paboOTBI -  CO37aHUE
VIIPOYHEHHBIX IMOPOIIKOBBIX MATEPUATIOB IS
MOBBIIICHUS JIOJITOBEYHOCTH u
H3HOCOCTONKOCTH pabouux OpraHoB
KOPMOITPUTOTOBUTENBHBIX MAaIMH, CHHXCHUS
HOPM 3aTpar 3alacHbIX 4YacTeH.

N3JIOKEHME OCHOBHOI'O MATEPHAJIA

OO6pas3isl u3 AKCTIEPUMEHTATBHBIX
MOPOIIKOBBIX CMECEH MOJydald MPEeCcCOBAHUEM
npu pasieHnu 800 Mlla u cnekanuum B
uHTepBane Ttemneparyp 1150-1200 °C, B
BaKyyMe. [lepen  mpeccoBaHWeM  4acTh
MOPOIIKOB TO/IaBAId MEXaHOAKTUBAIUH.

HccnenoBanu  BAMSHHE  TeMIEpaTypbl
CIIeKaHHWsI M pa3Mmojia Ha (QOpMUPOBAHUSA
MUKPOCTPYKTYPBI W HEKOTOpble  (PU3HKO-
MEXaHUYECKHUE CBOMCTBA KapOu0CTaIH
X13M2-20% Crs3Cy, ¢ nobGaBkamu KapOmaa
oopa.

HucnepcHbie 100aBKHA B BUJIE TYTOILIABKUX
coemunennii (B4C, Cr3Cy, TiBy, CrB, CrB; u
t..) [7, 8, 10] Hanmrm mmMpokoe MpUMEHEHUE
ISt TTOTydeHU S KOHCTPYKITHOHHBIX,
W3HOCOCTOMKUX, KOPPO3HOHHOCTOMKUX U p.
MaTepuaioB. BmecTte ¢ TeM WHCCIIeJOBaHUE
BO3MOXKHOCTEH  TOJydEHHUsS] M3HOCOCTOMKHX
KOMIIO3UTOB HAa JKEJIC3HOM OCHOBE THIIA
X13M2-Cr3Cy-B4C  MeTomoM  TOpOIIKOBOM
METAJUTYPTUH MPAKTUYECTKA OTCYTCTBYIOT.

HccnenoBanu BausHUE MPEABAPUTEITHHOTO
pa3MoJia-CMEIMBAHUSI Ha
CTPYKTYpOOOpa30BaHMs U CBOMCTBA CIIEUEHHOU

KapOUIOCTAIIH. OcHoBo#t BBIOpaHa
KapOuIoCTaNIb X13M2-Cr3Cy, KOTOpas
nokasaja B HaIMX HPEABLAYIIX
uccinenoBanusx  [13]  BBICOKMN  YpOBEHB

¢u3uKO-MexaHuYecKuX CcBoMcTB. KonnuecTBo
0opa, KOTOPBIii BBOJIUTCS B yKa3aHHBIEC CIIJIABBI
C IENbI0 YKPEIUICHUST WX MEXaHHYECKOM
OCHOBBI cocTaBml 1% u ObLI BEIOpaH UCXOS U3
NpeleioB €ro pacTBOPUMOCTH B JKEJIE3HOU
OCHOBE, a TaKKe U3 CBEICHUU, TPUBEICHHBIX B
ucrounuke [10] nmas JIUTBIX HM3HOCOCTOMKHX
marepuaioB cucremsl Fe-B-C.

CrnekaHusi TIpH  pa3HBIX TeEMIIEpaTypax
obpastioB ¢ mobaBkamu BysC mokaszamu, 4TO
NOPUCTOCTh HECHEYEHHbIX M 00pa3noB 0e3
kapOuga 6opa HaxoauT B mHTEpBaie 18-22%.

[Topucrocth MEXaHOAKTUBUPOBAHHBIX
00pa3IoB Mmocje MPECCOBaHUS HE3HAYUTEIHHO
MPEBBIIIACT TaKOBYIO JUTST HE
MEXaHOAKTUBOBAHUX, YTO CBHUAETEIBCTBYET O
HETaTUBHOM BIUSHUM MEXaHOAKTUBAIIMU Ha
yninotHEHHOCTh. [locne cnekanus npu 1200° C
HaONolaeTCcsl  ycaJka MeXaHOAKTHBHPOBAHBIX
MaTepraoB.
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Puc. 1. MukpocTpyKTypbl CHEUYEHHBIX, MPU
OIITUMAJIbHBIX TeMIICpaTypax O6p3.3].IOB
KapOumoctanmu ¢ kapobuaom Oopa: a - X13M2-
20%Cr3C,-1%B4C (6e3 pa3mona), 6 - X13M2-
20%Cr3C2-1%B4C (pasmMon B TUIaHETapHOM
MEJIBHUIIC)

Fig. 1. Microstructure of sintered at
optimum temperatures reinforced steels  with
boron carbide: 1-Cr13Mo2-20%-1%B,C
(without milling), 2- Crl3Mo2-20%-1%B,C
(milling in a planetary mill)

B pesynaprare u3ydeHHS MUKPOCTPYKTYPHI
CIICYCHHBIX MATEPHAIIOB YCTAHOBIIEHO, 4YTO
BBEJeHUE KapOuma Oopa B KapOMIOCTab
COMPOBOXKJAETCSI ~ OOpa3oBaHHEM  TBEPHAOM
COCTaBJISIOMNIEH, KOTOpas HEe
MPOMOPIMOHANIFHAS  KOJIMYECTBY BBEACHHBIX
KapOuoB xpoma u Oopa B mmxry (puc. 1, a). To
€CTh HpI/I CIICKAaHU N HpOXOI{I/IT NHTCHCHUBHOC

B3aUMOJICHCTBUE c o0OpazoBaHuEM
3HAYUTCIbHOI'O KOJIN4YEeCTBa Kap6I/II[OB )41
oopunoB. KommuecTtBo TBepmoit  (asel, B

obpasnax ¢ 1% B4C 6oblie yem y 3TaJOHHOTO
obpasna X13M2-20% Cr3C, u cocraBiser
okosio 45% ot mnomamu nwmda y oOpasios,
nonydeHHbIX npu 1150 °© C, a y oOpasuos,

o

cnedeHHbIX npu 1200 C TtBepmas ¢asa
3aHuUMaet miouaaes 6onee 50 %.

[IpoBeneHne MexaHOAKTHBALMU HMCXOIHBIX
CMECEH OKa3aJ0 3HAYUTEIBHOE BIIMSHHUE Ha
MUKpPOCTPYKTYpY. B  pesynprate un3ydeHus
MHUKPOCTPYKTYpbl crnedeHHbix npu 1150 °C
MaTepHaloB, MOPOIIKA KOTOPBIX MOJBEPTaucCh

MEXaHOaKTUBalluHu YCTaHOBJICHO, qTo ux
CTPYKTYpa MEIKO3epHUCTasi M uMeeT Ooiee
BBIPa’KCHHYIO TOMOI'CHHOCTbD, 4eM B
KapOUJOCTANIAX,  IOPOIIKM  KOTOpPBIX  HE

[OJIBEPrajiich MexaHoakTuBaiuu (puc. 1, 0).
CTpyKTypa COCTOUT M3 METAJUIMYECKOH OCHOBBI
B KOTOPOW paBHOMEpPHO pACIIOJIOXKEHA TBepaas
¢aza, mpezacraBisom@s co0OW COBOKYMHOCTh
00pHI0B, KApOHUIOB U CIOKHBIX KapOOOOPHIOB.

Ilpu  crnexkaHWM  TPOXOAWT  HMHTEHCHBHOE
B3aMMOJICIICTBUE C oOpazoBaHWeM in situ
3HAYMTEIBHOTO  KOJMYECTBA  KapOUIOB U

00pHAOB, O YEM CBUIETEILCTBYET BU3YaJbHBIM
OCMOTp LIUTH(OB MaTEepUaIoB ¢ Kapouaom Oopa.

HccnenoBano BiMsiHME T€ABApPUTEIBHOIO
pa3Mojia-CMEIIMBaHUS  HAa  MEXaHHYeCKue
CBOMCTBA CBOWCTBA MaTepuaina. Tak, TBEpAOCTb
CIEUEHHBIX  00pasloB, TOPOIIKH  KOTPBIX
MO/IBEPraJiuCh pa3Moily, Ooyiee BhICOKAs, YEM Y
HEepa3MOJIOThIX (pUC. 2, a). DTO OOBICHSETCS
WHTEHCHUBHBIM B3aMMO/ICHCTBHE MEXTy
COCTaBIIIIOUMMHU  TpPU  CIEKAHUH,  TaKKe
BIIMSIHUE OKa3bIBaT TO, YTO OCHOBA JICTHPYETCS
OOpOM | YIIEPOIOM.

JlobaBku kapOuma Oopa Tarke BIUSIOT Ha
TBEPAOCTh MaTepuajla, TIOBBIAS €€, 4YTO
O0OBSCHSETCS TOMOTHUTEILHBIM 00pa30oBaHUEM
KapOugoB u OopuaoB in situ. Haussiciiyro
TBEPIOCTh UMEIOTh 00pa3ibl KapOMAOCTAIH C
nobaBkamMu kapOujga Oopa, CcII€YeHHbIE MpHU
temreparype 1200 °C, wucxoaHble NOPOUIKU
KOTOPBIX MOaBATN MEXaHOAKTHBAIIUH.

YcTaHOBJIEHO, YTO XapakTep 3aBHCHUMOCTHU
IPOYHOCTH Ha cxarue (puc. 2, 6) MaTepuanoB
OT COJCPXKUMOTO KapOmaa Oopa B IIMXTE
MOJ0OHBIA aHAJOTMYHBIM 3aBHUCHUMOCTSIM JIJIst
TBEPIOCTH. MaxkcumanbsHble 3HAYCHUS
NPOYHOCTH HA CKaTue Ui  CIICYCHHBIX
obpasuoB gocrurator 1538 MIla u orBevaroT
colep)kuMoMy KapOuzaa Oopa B umxre 3% u
temneparype cnekanust 1150 °C. Pazpymenus
MaTepualioB, CreuyeHHbIX Kak npu 1150, Ttak u
npu 1200 °C, mpoucxomsar 1O XpYIKOMY
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MEXaHU3My, O  4YeM
OTCYTCTBHE ITpe/ieiia NPOIOPIHOHATBHOCTH.
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Puc. 2 Teepmocth (a) MU MNPOYHOCTH Ha
ckarue (0) xapommoctamedt XI13M2 — 20%
CrsCy (*- wumcxomHble IMOPOIIKA IOIaBATUCH
pasMoiy)c

Fig. 2. The hardness (a) and the flexural
strength (b) reinforced steels Crl3Mo2 - 20%
Cr3C, (*-raw powders yielded milling)

Beicokue 3HaueHUs TBEPIOCTH U MMPOYHOCTU
Ha cxarue cmiaaBoB  X13M2-CrsC,-BsC
M103BOJISIET PEKOMEH/I0BATh ux TUTST
M3TOTOBJICHUSI JeTajeil, KoTopble paboTaroT B
VCIOBHSIX  a0pa3WBHOTO  HW3HAIIMBAHUS, B
YaCTHOCTH pabouumx OpraHoB sl pa3Molia
dypaxxkHoro 3epHa u MPUTOTOBJICHUS
KOMOUKOPMOB.

HcnpiTaHust MOJIOTKOB  MPOBOAUIU B
naboparopuu KOPMOIIPUTOTOBJICHUS BII
HYBIII VYkpaunsl "ArpoHomMuYecKas ONBITHas
crannus” Ha ycraHoBke BMK-1 (puc. 3) mpu

nomone (ypaxkHoro 3epHa (oBca, MIICHUIIHI,
cou, STAMEHST) 3aCOPEHHOTO KauecTBa.
OTHOBPEMEHHO C MOJIOTKAMH, aPMHPOBAHHBIMH
BcTraBkamu U3 X13M2-Cr3C,-B4C, ncneIThiBaM
MOJIOTKH u3 0a3oBoro wMarepuaiga - U3
TepMooOpaboTaHHOM cTamu 651,

Puc. 3.
ycranoBka bBMK-1
Fig. 3. Farm machines of BMK-1

KOpMOHpI/II‘ OTOBHUTCIIbHAA

Puc. 4. briox monotkoB npobunkun BMK-1:
1 — cepuiinbie, 2 — S3KCIEpUMEHTAIbHBIE, C
BcraBkamu u3 X13M2-CrzC,-B4C

Fig. 4. Hammer crusher unit BMK-1:
1 — series, 2 — experimental, with inserts from
Cr13Mo2-20% Cr3C,.1%B4C
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MoiioTkoM  sIBIIIETCS  CTaJbHOM  KOpITYyC,
pabouue rpaHd KOTOPOTO apMHPOBAHBI, IyTeM
AJIIEKTPOCBAPKU B Cpele VYIVIEKHCIIOTo rasa,
BCTaBKaMU M3 HU3HOCO-KOPPO3HMOHHOCTOMKOTO
matepuana X13M2-Cr3C,-B,C. O6umii Bua
OapabaHa ¢ SKCIIEPUMEHTATBHBIM MOJIOTKOM Ha
(puc. 4).

N3HOCOCTOMKOCTE MOJIOTKOB — OIIPEACIISIIN
M0 U3MEHEHHUIO UX Maccel. McnbiTanus
MOKa3anu MOBBIILICHHE JIOJITOBEYHOCTHU
OKCIIEPUMEHTAJIHBIX MOJIOTKOB M3  CILIaBa
X13M2-Cr3Cy-B4C B 3-3,5 paza, ymydiieHue
TEXHOJIOTUYECKOW  Omepaluu  M3MEIbYeHUs
KOPMOB TIO CpPaBHEHHUIO C CEpPUHUHBIMHU
MOJIOTKaMHu U3 ctaiu 651

Coueranue  BBICOKOM  MPOYHOCTH  C
JIOCTaTOYHOMN TBEPJIOCTHIO )51
M3HOCOCTOMKOCTBIO TO3BOJISIET PEKOMEHI0BATH
CILJIaBEI THIIA X13M2-Cr3C,-B4C TUISL
apMUPOBAHUSI MOJIOTKOB KOPMOAPOOUJIOK.
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ROUTE INCREASE OF DURABILITY
WORKING TOOL FOOD OF PREPARING
FARM MACHINES

Summary. The influence of the sintering
temperature and grinding on the structure and
properties of the samples reinforced steels based
on chromium steel with additions of boron
carbide investigated. It is found that the
optimum  combination  of  physical and
mechanical properties have of the sintered
samples reinforced steels supplemented with
3% of boron carbide. Field tests on
developmental economic enterprise at the
National University of Life and Environmental
Sciences of Ukraine conducted. Test results
hammers  reinforced  experimental  inserts
showed improvement in working life 3-3.5
times as compared with serial hammers.

The influence of sintering temperature on the
structure and properties of the samples carbideui
X13M2-Cr3C2-B4C has allowed to establish

that the use of sintering in vacuum allows to
obtain carbideui with a sufficient level of
physical and mechanical properties.

According to the results of tests carried out on
experimental business enterprise at the National
University — of  bioresources and  nature
management of Ukraine, hammers, reinforced
welded panels of alloy X13M2-Cr3C2-B4C
showed elevated tenure in 3-3,5 times higher
serial hammers of steel 65G and recommended
for production use in the composition of the
crushers BMK-1.

Key words: stainless steel, reinforced steels,
sintering, chromium carbide, boron carbide
repair, strengthening, farm machines.
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AHHOTAIHA. OxHoMaccoBas MOJIEITb
UCIIONB3YEThCS IS aHalli3a U MUHHMU3ALUU
JTUHAMHYECKHX  HalpsHKEHUH B YIPYIHX
sneMeHTax (KaHaTax) TPY30MOJbEeMHBIX KPaHOB
B IIpoOIlecCe TMOIbEMa Ipy3a «C MOIAXBATOM.
OnTuManbHbBIE PEKUMBI JIBYKCHMUS
YCTaHABJIMBAIOTCSA Takue, KOTOpBIE
MUHUMH3UPYIOT KOI(DPUIIMEHT IUHAMUYHOCTH
BO BpeMs IIpolecca IOabeMa TIpy3a, TakKe
HY)XHO TPHUHSTh BO BHHUMAaHHE OCOOCHHOCTHU
NPUIIOKEHUST  CWJIBI K TPY303aXBaTHOMY
YCTPOMCTBY OT HArpy3KH BO BpeMs pa3IMYHBIX
9TAIlOB IOJIbEMA.

MOXHO  HMCHOJB30BaTh  aHATUTHYECKHE
BBIPQXKEHHUS V11 3aKOHOB JBMIKEHHUS TOJbEeMa
Ipy3a «C MOJXBAaTOM», KOTOPblE MUHUMU3UPYIOT
KoJIeOaHUsI, BOBHUKAIONIME B XOJIE€ YITOMSHYTOTO
BBIIIIC TIpOIIECca.

[Tonydennsie B paboTe pe3yiabTaThl MOTYT B

)IaJII)HGfIHIGM CIIYXUTb A  YTOUHCHUA U
COBCPIHICHCTBOBAHUA CYHICCTB YOI X
HHXXCHCPHBIX MCTOJOB  pacycTa HOI[O6HBIX

CHUCTEM U JMHAMHMYECKOIO aHaIM3a HaIPsDKEHUH
KaHaTa, MCIOJIb3YeMOIO Ul MOAbEMA IPy3a «C
ITOJXBATOM Kak Ha CTaMsIX ux
IPOEKTUPOBAHMS / KOHCTPYHPOBAHMS, TaK U B
peXRUMax peaabHON IKCILIyaTalluu.

MoOXHO TIONY4UTHh UJCAIBHOE 3HAYCHUE
Ko3(dunrenTa JUHAaMUYHOCTU JUIS
KOHKPETHOIO PEKUMA JBUKEHUS TAKUX CHUCTEM.
HauvanpHble ycnoBus ONpenessroTcs s 3THX
L EJIEH.

OHu  ;neMOHCTpUpYIOT  crenuduueckue
OCOOCHHOCTHU, TaKW€ KaK HEHYJEeBbl€ 3HAYCHUS
IIPOU3BOJHBIX BBICOKOTO nopsaKa
nepeMeIeHus, Kak (QyHKIUS BpEMEHH, IO
BPEMEHH.
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Taxolf mOIX0J MOKET OBITh HCIIOJIb30BAaH
o1 mogbeMa  Ipy3a IpU  HCHOJIB30BaHUU
OJTHOMACCOBOM MOJIENH.

KuarueBble ciaoBa: ogHoMaccoBas MOJEIb,
aHaJIn3, MHWHHUMU3a U, JOTUHAMHUYCCKHUC
Harpy3Ku, yIpyrae 3JeMEHTHI, TPY30I0IbeMHBIE
MalMHbI, TOJBEM IPYy3a «C MOAXBATOM.

ITOCTAHOBKA ITPOBJIEMbI

[Ipy oueHke AMHAMHUYECKOW Harpy3kud Ha
Ipy303aXBaThIBAIOIIME YCTPOIICTBA HEOOXOIMMO
UMETb B BHUJY, YTO B YCIOBHSIX HOPMaJIbHOU
JKCILTyaTalldMM  BaXHO€  3HAYEHUE  HMMEET,
[JaBHBIM  00pa3oM, TOJBKO  BEpTUKaJIbHas
JUHAMUYECKasi Harpy3Kka mpu paboTe MexaHu3Ma
noabeMa Ipy3a, I[IOCKOJIBKY Mpu padbote
MEXaHHU3MOB MEPEIBUKEHUS KpaHA U BpaLCHUS
ero BpalaTe/ibHOW (MMOBOPOTHOM) YacTH OHA HE
npeBbIIAeT 5 ... 6% cTaTUYECKOW HATPY3KH.

PaznuuaroT ABa BapuaHTa moabema rpysa «C
BECA» U «C MOAXBATOM.

B nepBom BapuaHTE CUMTAIOT, UTO IPY3 yXKe
MTOTH TN u cTaTH4ecKast Harpyska,
JIEHCTBYIOLIAS Ha TPYy303aXBaThIBAIOIIIME
yCTpOMCTBa, paBHA Becy rpy3a Q, =m, - g, rue
m, — Macca rpy3a, § — YCKOpeHHE CBOOOJHOTO
MaJICHUSL.

Juaamudeckass Harpyska P, BO3HHKaeT B

HAayaJbHBII  MOMEHT TOPMOXEHHS  Ipy3a,
KOTOPBIN CIyCKAaeTCs, IPU BKIOYEHUH TOPMO3a.

Bo BTOPOM BapuaHTe Harpy3ku
IPEAIONAraloT, 4TO IPY3 JIEKHUT HAa HEKOTOPOU
OCHOBE, KaHaThl IIPOBUCAIOT U, COOTBETCTBEHHO,
B 3TOT MOMEHT Harpyska Ha
IPY303aXBaThIBAIOIIME YCTPOMCTBA PaBHA HYIIIO.


mailto:lovvs@ukr.net
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B oboux cIIyqasix KO3(ruLIHeHT
JMHAMHYHOCTH (Ky) ornpeessieTcs
3aBUCHMOCTBIO:

P
UH
Ky =1+, @)

8
rae. P,,, B IIEpBOM cityyae sABJAeTCS QyHKIIHEN

U30BITOYHOW JBYOKYIIEW CHJIBI M JKECTKOCTH
OIIOPHOW KOHCTPYKLIMHU.

IIpu pacuere B cilydae Harpy3ku 110 IIEPBOMY
BAPUAHTy KpaH MOJEIMPYETCS JBYXMacCOBOU
KOJICOJIIOLIEICS CUCTEMOM, a JUIsl BTOPOIO — Kak
OJHO — TaK U IBYXMAaCCOBOM CHUCTEMOM.

Ecnu npu mpoBeneHMM pacueToB B CIydae
Harpy3sku 10 BTOPOMY BapHaHTy MOXKHO
npeHeOpedb KECTKOCThIO OJJHOTO U3 3JEMEHTOB
(HampuMep, KaHATOB, IIOCKOJBKY YIPYroCTb
MCTAJUIOKOHCTPYKIIMK  BBIINIEC, 4YEM KaHATOB,
npuueM  KoiebaHMs — MOCIEOHUX  OBICTPO
yracaroT) M Y4YUTBIBATh TOJBKO YIPYIOCTh
BTOPOTO 3JIEMEHTA JKECTKOCTH — KOHCTPYKUHH

KpaHa, TO €CTh MacChl KpaHa M, W Ipy3a m,

paccMaTpUBaOT Kak OJHY Maccy m.

[lpy  OPUHATBIX  JOMYIICHUSX  MOXHO
CUMTaTh, YTO TMOJBEM TIpy3a OCYIIECTBIISIETCS
CIeAyonmMM 00pa3oMm.

Ha mnepBom »sTame, mnocie BKIIOYEHUS
JIBUTATENSA, TPOUCXOAWT  BBIOOp  CIaOWHBI
KaHaTa, Ha BTOPOM — ympyras JedopMarus Bcex
9JIEMEHTOB KOHCTPYKITUH.

Bropoif stanm mpopomkaeTcs 0 TeX MOp,
noka ycuwime P, Ha Tpy303axBaThIBaronme
YCTPOKMCTBA, BO3pacTasi OT HYJs, HE CTAHOBUTCS
paBabIM Q, =M, - Q.

Tonbko mocie 3TOro, Ha TPETbeM JTare,
HaYMHAETCS MOBEM TPY3a.

Ilo MHEHHUIO aBTOPOB JTAHHOTO
UCCIIEIOBAaHUS, BTOPOM d3Tall B  MpoIecce
nmojabeMa Tpy3a «C MOAXBaTOM» (B Mpeaenax
JaKe ~ OJHOMAcCOBOM  MOJenu)  HM3ydeH
HEJI0CTaTOYHO M TpelyeT yrimyOsieHHOoro, Ooiee
KOPPEKTHOTO  aHajn3a, KaK yCTaHOBJICHHE
PSKUMOB JIBUKEHHS Tpy3a Ha KaHaTe, NpH
kotopeix K, mnpuHMMaer MHUHHMMaJIbHBIE
(onTUManbHBIC) 3HAUEHHWE B TEUEHUE BCETO
MEePEeXOTHOTO TIporiecca (MPH ITyCKe MEXaHh3Ma
MoIbeMa Ipy3a).
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AHAJIN3 TIOCJIEAHUX UCCJIEJOBAHMIA
1 TTYBJIK AL

HccnenoBannio mpoleccoB MogbeMa Ipy30B
KkpaHamu 'c Beca" u 'c moaxBaTom", TOCBSIIEHO
Oonpmoe KoamuecTBo padoT [1-21]. B paborax
[1, 2] npoBemen ananmu3 mporecca MOabeMa
Ipy3a  «  IOJIXBAaTOM»,  OIpeJesICHHBIH
kod(unment auHammuyHoctd K,, omHako He

Hal/IeHbl YCJIOBUS JIBUXKEHHUS, TPU KOTOPBIX
YKa3aHHbII K03 (puIeHT MPUHUMAET
ONTUMAJIbHBIE, TO €CTh MUHUMAIbHBIC 3HAYCHHUSL.

[Tpou3BOUTETBLHOCTH u HAaJIeKHOCTh
TPy30IOAbEMHBIX MaIlH, TOYHOCTH

BBITNIOJIHCHUA UMH PA3TPY30UHO — MOI'PY30YHBIX,

TPaHCIOPTHBIX W  MOHT@XHBIX  OIEpalui
CYIIECTBEHHO  3aBUCAT OT JAWHAMHYECKHUX
Harpy3oKk B  YOPYIHX DJEMEHTaX THOKUX
pabounx OpraHoB, NpuBOJa u
METAJUTIOKOHCTPYKIUH. Benmuauner ITUX
Harpy30K 3aBUCSAT OT y4acTKa JIBHIXKEHUS

IPY30MOJbEMHON MAllMHBI UM MexaHusma [3].
ABTOp yKazaHHOH pabOTHI yTBEpXKIAaeT, YTO

HanOoIbIIIE JTUHAMUYECKHE Harpy3ku
BO3HHUKAIOT Ha ydacTKax  IEPEXOJTHBIX
MIPOIECCOB (myck, TOPMOJKEHHE,

peBepcupoBaHMe JBHKEHHUs). B pabote [4]
MOKa3aHO, YTO MPU TOPMOXKEHUU B MpoIecce
cmycka TIpy3a KO3((ULIMEHT JIUHAMUYHOCTH

(Ko) YIpYrux
MEXaHHU3MOB  JIOCTUTAET
Ooblre.

OmHuM M3 myTedl  yMEHBLICHUS  3TUX
Harpy30K SIBJSICTCS  BBIOOP  HEOOXOAMMBIX
PEKUMOB JIBHKEHHSI MPUBOJHBIX MEXaHHU3MOB
Ha ydYacTKax II€peXoAHBIX MpoueccoB [6], a
TaKke MUHUMM3AIUS TMHAMUYECKUX Harpy30K B
VIPYTUX DSJEMEHTaX TIPy30MOJIbEMHBIX MAIlMH,
ocylecTBiIeHa B [3] B Ipeaenax JBYXMaccOBOM
Mozaenu [4,5] mis mogbpeMa Tpy3a « C Beca ».
Jlis BapuaHTa moabeMa Ipy3a «C MOIXBATOM)
noMOOHBIX HWCCIEIOBAaHUNW B IJIUTEpaType He
obnapyxkeHno. [ToaTomy mpobiaema onTUMHU3AIUH
(MunuMuzanuu) K, mig storo cimydas Tpedyet

B DJIEMCHTax KpaHOBBIX

BEIUYHMHEI 2,5 U

CBOETO PEIICHUSI.
[TIOCTAHOBKA 3AJIAUA

Ilens paboThl 3aKIOYAETCS B YCTAaHOBJIEHUU
OCHOBHBIX 3aKOHOMEpPHOCTEHl moJbeMa TIpy3a
KpaHaMH «C TIOAXBaTOM» U O0OOCHOBAaHUH



BSIUECJIAB JIOBEMKUH, FOPUI YOBHIOK, UBAH KAJIbIKAJIO

PEKUMOB JABUXCHU S COOTBETCTBYIOIIUX
MCXaHU3MOB, IIpHU KOTOPbBIX MHWHHUMU3HUPYHOTCA

JMHAaMHUYECKHE Harpy3ku (B yactHocTH, K,) Ha

ru0kue 3JIeMEeHThl (KaHaThl) TPY30MOABEMHBIX
MEXaHHW3MOB KpPaHOB B IEPEXOAHBIX Ipolieccax
(mycka, TOPMOXKEHUSA).

N3JIOXXEHUE OCHOBHOI'O MATEPUAJIA

Cxema AMHAMHUYECKON HArpy3Kd TPY30BOTO
YCTPOMCTBA MPU MOIBEME IPYy3a «C MOAXBATOM

n3o0paxeHa Ha puc. 1.
A,
9

5

a b 2
Puc. 1. Cxema pauHaAMHYECKON Harpys3ku
TPY30BOTO YCTPOWMCTBA TPU MOIBEME Tpy3a «C
IoaAXBaTOM».

a, 0 — Ha KpaHaX B COOTBETCTBUU CTPEIOBOM
u MOCTOBOM, B pacueTHasa cXema
OHHOMaCCOBOﬁ CUCTCMbI, T' — paCuUCTHas CXCMa
JIByXMacCOBOM CHCTEMBI

Fig. 2. Scheme dynamic load cargo load
when lifting device "picked up™ a,0 in
accordance boom cranes and bridges, B — the
one-mass system design scheme, r — design
scheme of a two-mass system

Ilpun nepememenun X, Maccel KpaHa M, ¢

KECTKOCTBIO CK KUHCTHUYCCKAA SHCPIUA:

W=m,_-%2/2, )
MMOTCHI U AJIbHAA SHCPIUs:
U=cC, -x2/2. ©)

HBwxymeir cwioit  sBisercs cuna  P(t),
pa3nuyHa AJs pa3HbIX ATANoB MOJbeMa Ipy3a, TO
ecTh yKazaHHas cuia — QyHKuus BpemeHH (t).

YpaBHEHUS ABM)KCHUS UMEET BU/I:

m, - X, +C, - X, =P(t), 4)
a ero pemeHue MOXHO MPEICTaBUTh B BHUIC
uHTerpana roamens:

vV .
X, =Y - COS pt+Bsm pt +

+zﬁ-l3(r)-sin p(t-7)dz, ()

219

i (S8 nporu®  KOHCTPYKIUH
Harpy3ku, V —

CKOpOCTh TombeMa rpy3a, p=,/C,/(m, +m,

oT

Yem—

CTaTH4YeCKOM YCTOABIIAACA

— KpyroBasi 4acToTa CBOOOJHBIX KoJeOaHui, t —
TEKyIllee BpeMsL.
Ha Tperpem srTane (mpu mnoxbeme Ipysa)

Pt) =Q,-
[loaToMy Ha 3TOM 3Tane peueHue (5) uMeeT
BU/I;

V.
X, = Yo - COS pt+65|n pt+

Q

m. -g
-11—cos pt}, =—6 = 6
mK p2 { p} ycm CK ( )
Torga (6) npyHUMaET BUL:
X, (t) = U,V oin pt—%~—3-cos pt. (7)
2 p C. m,

K
JnHamuyeckas Harpyska, JIEHCTBYIOIIAS Ha
IPYy303aXBaThIBAIOILEE YCTPOUCTBO,

Py =MX, = —%-V - p-sin pt+
2
QL. M p? - cos pt, )
CK g-m,
MTOCKOJIBKY
-1
m m m
V-p>>g-—6(l+—6j —>>1 Toraa
K mK m@
MO>XHO BMeCTO (8) 3amucarh:
Poun = —%-V - p-sin pt. )]

MakcumyMm P,,,mex Oyzer mpu, sin pt=—1,

TO €CThb:

p.t*:(_l)k+1,§+kﬂ, k=012.. (10)

Torna:
Q, Q,V C
P =X6.\.p= . k. (11
OunmMax p g (mK+m3) ( )
IlomHass  Harpy3ka,  JACUCTBYyIOIAs  Ha
Ipy303axBaThIBAIOIIEE YCTPOMCTBO, MPUHHUMAET
BUI:
V C
Pg; =Q, +P =Q,|1+— [ —F—1](12
B3 Q@ Ounmax Q@ [ g (mK+m6)}( )
Koaddumuent nuaaMudHOCTH (max):
V
Q+Q P
Karrax :Q6+P0unrmx — ’ ’ g —
Q; Q,
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1+ po1e L S a3)
g g \(m+m,)

JlanHas dopMyna OOCTaTOYHO MpoOCTa IS
MIPaKTUYECKOTO HCIIOJIb30BaHUS u B
JIOCTaTOYHOM Mepe JOCTOBEpHa, XOTA U He
VIUTBIBACT  BIUSIHHS ~ BTOPOTO  DJIEMEHTA
YKECTKOCTH, KOTOpPBII CYILLECTBYET B
paccmarpuBaemoit cucteme. Ilpm ero yuere
cucremy cienyer paccMaTpuBaTh Kak

JIBYXMAacCOBYIO C JBYMsI YIPYIMMH CBS3IMU
(kpome sxectkoctH C,  CyleCTBYeT eIle U
KECTKOCTh KaHaTa, Ha KOTOPOM pa3MEILEH IPY3,
to ectb C, =k,).

JluHamMuueckas  oONTUMU3AlMs  Ipolecca
IobeMa rpy3a «C ITOJXBATOM
npeaycMaTpruBaeT MUHUMHU3ALUIO KoJeOaHuii Ha
BTOPOM 3Tare, KOTrJa YCHJIMs, JEHCTBYIOLEE Ha
Ipy303axBaThIBAIONE YCTPOMCTBA, PAacTeT OT

HylIs, 1I0Ka He cTaHeT poBHOM Q,=m,-Q, a
Talke MUHUMH3anHI0 K, Ha TperbeMm 3tare,

Korga ,Z[CI‘/JICTBI/ITGJIBHO OCYHICCTBJIACTCA IMOABEM

rpysa.
Hns Ttoro, uro6sl K, — min B mpouecce

noabemMa rpysa, cIenyeT
BBITIOJTHUTH/YIOBJICTBOPUTH CIIEYIOIIEMY
KPUTEPUIO KauecTBa [BMXKEHUS (HA TpETheM
ATare noJbeMa rpysa):

t o
(1+X—"
g

rae: t, —Bpems mojabeMa rpysa.

2

j dt — min, (14)

0

Heo0XomnMbIM  yCIIOBHEM  YIOBICTBOPEHUS
kputepust (14) sBasercst ypaBHeHue Oiijepa —
Ilyaccona:

\Y
x() =0, (15)
JIns  HayanpHBIX / KOHEYHBIX YCIOBUU
noabeMa Ipy3a «C MOAXBAaTOM» (Ha TPEThEM
JTare) HMeeM:
: C Ve % =0 : Q 1
t=0: szQ%:K, % =V; X =0 t=t,: xK=C—3+V~tp.( 6)

K

Bei6bupas pemenue (15) B ycnoBusax (16),
MOJTYYUM:

xK(t)=%+V -1.

K

To ectp X, =0 u K, =1 B TeueHue Bcero

17)

nepuojia MoJbeMa Tpy3a Ha TPEThEM JTare, TO
ecth ipu t €[0;t,].
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J1s BOCCTAaHOBIEHMs 3aKOHA [BHMXKCHHS
X, (t) B 3aBucmmoctn P(t)=F(t) Ha BTOpOM
3Tale IOJbEeMa IPYy3a «C IOIXBATOM» B PaMKax
OIHOMACCOBOH MOJENH MCXOJUM H3 CIEMYOIIMX

COOOpaKeHUH.
3akon F(f) Ha nDpomexyrke BpeMeHHU
* *
te[0t,], rme t, — Bpems, 3a KoTOpOE
ABWIKYIIAA CHJIa BO3pacTa€t OT HYIA 10
3HAYEHUS Fo=Q,=m,-Q, JOJIKEH

VIOBJIETBOPATH OMPENCICHHBIM Ha4YaJIbHBIM /
KOHEUYHBIM YCJIIOBUSM U YCIOBHUAM INIAJKOCTH, a
MMEHHO:

F®) =0, F®)|=0; F(t)}—o=0;
FOl o= Foi FOL:=0 FOl_=0.08)

ITpu 5TOM rpaduk 3aBUCUMOCTH UMETh BUJ,
M300paXeHHBIN Ha puc. 2.

Puc. 2. 3aBucumocts F (t)
Fig. 2. Force curve

Beibupas F(t) B Buge crutaitaa mo t msroro
HOPSIAKA, TTOTYIHM:
F)=ap+ay-t+a, t* +og 3 +ay -t + a5 -1°.(19)
Hust ycmosuit (18) u dopmer  F(t) (19)
MOKHO HalTH CIICAyIOIee BBIPAKECHHE IS
F(t):
3
t t t
F(t)=F,-{10-| — | -15-| | +6- | . (20)
tp tp tp

4 5

Jnst Toro, 4roObl koiebaHus Tpy3a X, (t)
UMECIIN MHUHHUMAJIBHBIC 3HAUCHUA B TCUCHHUC

BCETO nepuoa te [O;t;] CleIyeT
YIIOBJIETBOPHTH CIIEIYFOIIIEMY KPUTEPHIO
KauecTBa JABUIKEHHUS:
£
| = [xZ(t)dt — min. (21)

0
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ITockonbky ypaBHenus s X, (t) Ha BTopom
9Tare JABM)KEHHUS Tpy3a, KOTJa IBHIKYINAs CHIIA
mensiercs ot 0 no Q,

m, -X. +C, - X, = F(t), (22)
torma kputepuit (21) MOXHO TPEACTaBHUTH
CJIGI[YIOH_[I/IM obpazom:

|—ij12 (F)—-m, -%, }2dt —>min. (23)

=m, -g, UMEET BULL:

Hna  C.=const (23) cBoauTca K
CIIE/TyIOIEMY BULY:
ty , _
= [{F@®)-m, %} dt >min. (24)
0
HeoOXoauMBIM YCITIOBHEM JIJIsl BBITTOJIHEHUS

(24) sBnsgercs ypaBHeHue Dilnepa - Ilyaccona:

x(V) — F(t). (25)
K
HavanpHble ycnoBus 1s (25) UMEIOT B
X |t:0: 0; XKlt:O: 0; X, |t:t; =V;
F(tp) - mXK(tp)

che = C,
OOmee pemenue (25) B ycnoBusax (26)
MNpUHUMACT BU:

=l SFo V. Rl 2R,

e f ) aem ()2 et 1 4m(t)
. SR LG . t @
mfGf 12 26) 76

JIMHAMUYECKYI0O Harpy3Ky, JEHWCTBYIOLIYIO
Ha JTOM OJTale mnoaseMa Ipy3a (B mpeaenax

OJIHOMACCOBOM MOJIETN), MOXHO pacCUUTaTh
CIIEIYIOIMM 00pa3oM:
P@ _m % ()= Ce FO( _
P =M X, () =m, '{—mk'xx +m7 =

K

X

(26)

:ﬂ{_c,{ X, +F(t)} (28)
mK

VYuuteiBas Beipaxkenusa (20) u (27), ¢ (28)
MOJTYYHM:

3F, \Y/ F
P()(zfzt = i {CK[CK.(';;)Z (tTp)+l4l’(T)1K]‘t2

2F, Fy
_C v 3 -t3

GF e umd

3 |

_ﬁ— t3 +—t4 +
2 2[6) 7f

3 4 5
+F,-|10- i} —15-{%} +6{L*J . (29)
tp tp tp

Koa(ddumnuent auHAMHYHOCTH Ha BTOPOM

JTalie IIoabeEMa rpysa «C IoaAXBaToOM»
onpeaACIACTCA U3 COOTHOMICHU X
+p@ p@
K@ (ty= 2 Foul _y Foul) )
Qg Q6

YuuteiBas Beipaxenus (20), (27) mus
Kéz) (t), MO>XKHO TIOJTYYHUTH:

KOt =1+ %W 4, 1.
g g

{ 6F, 2V 2F, 2F, 18F, ]

{()Zc()”“m()+

= 4 5
o _[10.°-15.1_+6- 1|l (31)
mx(tp)3 b (tp)2
N3 cootHomenus (31) gerko ycraHOBUTH
CIIeLYIOIIEe:
t=0-kKP 1) =k?(0)=
a) mpu L. 6F N 2F, (32)
* )2 *
gCK'(tp) oty
t=t, -KP ) =kP(t}) =
6) npu LA F 6F, (33)
gty ™9 gc (i f

UucneHHble pacyeTsl,

J’_

14m, g’

IMPOBCACHHLIC 110

dopmynam  (32) u (33) gna  cregyronmx
3HAYEHU N I1apamMeTpoB [2]: t; =01c;

_7.108 H/ - _ .
C =710/ ; V =0,265%/;
m,. :l7,7~1037<2; m, = 2.10%kz —

MOKa3bIBAIOT, YTO Kéz) (t) ma mnpomexyTKe
te [O;t;] CYIIIECTBEHHO

K?(0)=2335 o K?(0)=0,206, To ects
6omee uem B 11,33 pas!

YMCHBIACTCA oT

BBIBO/IbI

1. B pabore obocHOBaHa M HCIOJIB30BaHA
OJlHOMaccoBas ~ MOJENb Juld  aHauu3a W



AHAJIM3 U MUHUMUMBALIA TUHAMMWYECKNX HAI'PY3OK B VIIPYI'UX OJIEMEHTAX
I'PY3OIIOABEMHBIX MAIINH [TPU [TIOABEME I'PY3A «C [TIOAXBATOM»

MUHMMM3alUH JUHAMMYECKUX HAIpy30K B
YIPYIHX 3JEMEHTaX IPY30IOJBEMHBIX KPaHOB
IIPU IOABEME IPY3a «C MOAXBATOM.

2. IlonyyeHHBIE aHATUTUYECKUE BBIPAXKCHUS

st kodddunuenta auHamugHoctd K N (t) na

BCEX JTanax noasemMa Ipysa.

3. YcTaTHOBJICHBI 3aKOHBI JIBHXKCHHS TpPy3a
IIPA €ro IOABEME «C MOAXBATOM», B KOTOPBIX
MHUHHUMU3UPYIOTCS: KoJeOaHus, KOTOpBIE
BO3HHMKAIOT MpPU ITOM M  OJHOBPEMEHHO

BenmunHa camoro K (t).

4. TlonyyeHHble B pabOTE pe3ynbTaThl MOTYT
B JaJbHEHUINEM CIYKUTb Ui YTOYHEHUS H
COBEPILIEHCTBOBAHUS CYILECTBYIOIX
WH)XEHEPHBIX METOJ0B pacueTa MOJ00HBIX
CHUCTEM KaK Ha CTaJMsIX MX IPOEKTUPOBAHUS /
KOHCTPYUPOBaHUs, TaK U B PEXKUMAaX pPeabHOU
JKCILITyaTaluu.
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ANALYSIS AND DYNAMIC LOADS
MINIMIZATION OF IN ELASTIC
ELEMENTS OF LIFTING EQUIPMENT
DURING LIFTING LOADS
WITH PICK-UP

Summary. The one — mass model is used for the
analysis and minimization of dynamic stresses in
the elastic elements (ropes) of lifting cranes
during the process of cargo’s hoisting with the
help of “picked up” technology. The (optimal)
motion regimes are established, which minimize
the dynamic coefficient during the process of
cargo’s hoisting and take into account the
peculiarities of force’s application to the load’s
grasp devices during the various stages of lifting.
One may use analytical expressions for the
motion laws of load lifting with the help of
“picked up” technology which minimize the
oscillations generated during the mentioned
above process.

The results obtained in this investigation may be
used further in order to improve and to define
more exactly engineering’s methods of dynamic
analysis of rope’s stresses used for cargo’s
litng when it “picked up” at the stages of
project/design and at the stage of real operation
as well.

One may obtain the ideal value of dynamic
coefficient for the specific motion regime of
such systems. The initial conditions are
determined for these aims. They exhibit specific
peculiarities such as nonzero values of high
order derivatives of displacement, as function of
time, with respect to time.

This approach may be used for “one weight”
technology of cargo’s lifting as well.

Key words: one—mass system, analysis,
minimization, dynamic loads, elastic elements,
lifting machinery, lifting "picked up".
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YHUBEPCAJIbHBIN BJIOK KOHTPOJISI TAPAMETPOB TEXHUYECKOI'O
COCTOsAAHUA XOA0OBOU CUCTEMBbI 3EPHOYBOPOYHOI'O KOMBAHWHA

Anexcandp Bvicmpuoui, Hean Pozoeckuil, Banenmuna Menvnuk

Hayuonanvnvlii ynueepcumem o6uopecypcos u npupooonoib308anus YKpaunsl
Va. I'epoes Oboponwi, 15, 2. Kues, Ykpauna. E-mail: rogovskii@ukr.net

Aleksandr Bystriy, lwan Rohowskii, Valentyna Melnyk

National University of Life and Environmental Sciences of Ukraine
Str. Heroiv Oborony 15, Kiev, Ukraine. E-mail: rogovskii@ukr.net

AnHoTauusa. B cratbe paccMoTpeHbl pe-
3yJIbTaTbl  MCCIECAOBAHUM  YHHUBEPCAJIBHOCTU
MOJXOJ0B K KOHTPOJIIO IapamMeTPOB TEXHUYE-
CKOTO COCTOSIHUSI XOJIOBOM CHCTEMBI 3€pHOYOO-
pouHoro kombaiiHa. PaspaboTtan meron ananu-
THUYECKOTO MCCIEAOBAHUS BIUSHUS HEYIPYIOTro
CONPOTUBJICHUS B XOJOBOW Ha aMIUIUTYIHO-
YaCTOTHBIC XapaKTEPUCTHKH KojieOaHUN He-
MOJPECCOPEHHON Macchl KoMOaiiHa U OMOpHOM
TUIONAJIKA TMaTHOCTHYECKOr0 CTEHAAa  MpH
YCTaHOBUBILIEMCSI pexume. Pacuer konmebarens-
HBIX MMapaMeTPOB PEATM30BaH Ha MPHUKIATHOM
MPOrPaMMHOM MPOYKTE.

HccnenoBanbl KoneOaHUS B CUCTEME «XOJ10-
Basg-CTEHI» Ha TMpPUMEPE 3epHOYOOPOUYHOTO
koMOaitHa u crenaa tuna «Tech-Testy. [Tokaza-
HO, 4YTO BCICACTBHE IWHAMHYECKOTO BO3JCH-
CTBHSI MAcCHI KOJIeCa UCITBITEIBAEMOM XOA0BOM 1
Macchbl ONMOPHOM TUIOHAJKK CTEHJA IMepeMelre-
HUS MOCJIEAHEH IPU YacTOTE, COOTBETCTBYIO-
e «PE30HAHCY» KOJieca, OKa3bIBAIOTCA TEM
MEHBIIE, YEM MEHBILE HEYIPYroe CONPOTUBIIE-
HHUE B XOZOBOW. B TO ke BpeMs nepeMeleHus
KoJIeca MPaKTUYECKA HEU3MEHHHBI.

JIMHaMH4YeCKOe B3aMMOACHCTBHE MACChl KO-
Jleca UCHBITBIBAEMON XOJIOBOW M MAaccChl OMOp-
HOM TUIOHIAJIKA JUHAMUYECKOTO CTEHZIa B YCIIO-
BHSIX HEYCTAHOBHBIIMXCS KOJEOaHUI U B code-
TaHUH CO CIBUTOM (pa3bl KoJeOaHUI MCKaKaeT
KapTUHY PE30HAHCOB B CHCTEME «XOJ0Bas-
CTCHA» U He 00ecrneYrBaeT METPOJIOTHYECKU
TOYHOW OLIEHKH HEYIPYroro CONpPOTUBIICHHS B
XOJIOBOM C TUIPABIUYECKUMHU CTaOWIM3aTopa-
MH.

Pa3paborannas MeToaMka HCCIEIOBAHUS
JIIMarHOCTHYECKoro credaa tuma «Tech-Testy
JIOJKHA OBITh TOIOJIHECHA MCCIICAOBAHUEM BIIH-
SIHUSI HAa IMarHOCTHUYECKUE MTapaMETPbl CUCTEMBI

«XOIOBasi-CTEH»: 3HAYCHHS HEMOJPECCOPEH-
HOM Macchl, TpeHHUsi B Kosebarene (IIMPUHBI
OTOPHOM TMJIOU@RAKA) ¥ B 3aMHCHIBAIONIEM
YCTPOWCTBE CTEHJA, MECTKOCTH Kosebarens,
UHTEHCUBHOCTU W3MEHEHUS YacTOThl U CIBUTA
(a3pl KoseOaHUl (3aMeIUICeHUs BpAIICHUS Ma-
XOBHKA).

OTO MO3BOJMIO MOJYYUTh OOJiee MOJIHYIO
uH(popMaIMIo O crenuduke AMATHOCTHKH XO-
TIOBOM CHCTEMBI 3epHOYOOPOYHOTo KoMOaiiHa.

KioueBble  cjI0Ba:  yHUBEpPCAIBHOCTD,
OJIOK, KOHTPOJIb, IapaMmeTp, TEXHUUYECKOE CO-
CTOSIHME, XOJIOBas CHCTEMa, 3€pPHOYOOPOYHBIN
KOMOaiiH.

I[TOCTAHOBKA ITPOBJIEMbI

B mporecce muarHocTHpOBaHUS HIIA MCTIbI-
TaHUS CEIbCKOXO3SIMCTBEHHON TEXHUKU B Kade-
crBe HauOojee MHGPOPMATUBHBIX IHEPreTHUE-
CKUX TIOKa3zarejeil MOOWJIBHBIX U CTaIlMOHAP-
HBIX CEJIbCKOXO3SICTBEHHBIX arperaroB MOIYT
OBITh TPUHATHI TaKue MapaMeTphl, KaK MOII-
HOCTb, KPYTSIMA MOMEHT, TATOBOE YCHUIIUE U
ap. Ilpuyem ocoOyro TPYyIHOCTH MpeACTaBIsET
IpoIecc MOMydYeHUs: H3MepUTeNbHOl UHDOP-
Mali C JAWHAMUYECKUX HJIEMEHTOB MaIlH.
Iockonbky AelcTBUS aOCONIOTHOTO OOJIBIIMH-
CTBa MEXaHMYECKUX NapaMmeTpoB (aedopManuii
YCUJIMH KPYTAIMX U U3THOAIONMX MOMEHTOB H
Ip.) MOXeT ObITh MPeoOpa3oBaHO B OTHOCH-
TEIIFHOE TIepEeMeIlieHUe NBYX WM Oojee TMo-
BEPXHOCTEH CpaBHEHUS YIPYroro 3JIeMEHTa JU-
arHOCTUPYEMOTO MJIM HCIIBITHIBAEMOTO 00BEKTa
ObUIM TIPOBEICHBI HCCIENOBaHUS pa3paboTaH-
HOTO JJIsl pealu3alliy YKa3aHHOMW BBIIIE 3a/1a4H
YHUBEPCAIBHOTO PACTPOBOTO JaTYMKa C LEJbIO
OTIpE/IeNICHUsT OCHOBHBIX T€OMETPHUYECKHUX IIa-
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VHHMBEPCAJIbHBIN BJIOK KOHTPOJISI [IAPAMETPOB TEXHUYECKOI'O COCTOSHUS
XOJI0OBOM CUCTEMBI 3EPHOYBEOPOUYHOI'O KOMBAMHA

paMeTpoB U (GopMbI 1ueel JIMHEHHOro pacTpo-
BOI'O COIIPOTHBJICHUS.

CBeTOBOH IIOTOK, CO3JaBacMbId HMCTOYHU-
KOM M3IIy4€HHs, NPOXOJS Yepe3 ONTUYECKYHO
CUCTEMY U IIEJIU MOABUKHOTO U HETIOJABUKHOIO
pactpoB, momnazaaer Ha (orompuemMHHUK. Benu-
YMHA CBETOBOTO MOTOKA, MOJAIOIIETO Ha (OTO-
AJIEMEHTBHI, ONPEAEINAETCS B3aUMHBIM CMEILEH U~
€M IMOJBHXHOTO pPacTpa OTHOCHTEJIBHO HEIO-
JBUKHOTO (MJIM B3aUMHBIM IIE€PEMELICHUEM
000MX pacTpoB JPYr OTHOCHTEIIBHO Jpyra).
BosHukatronmii npu 3TOM B LENH NPUEMHUKA
u3IydeHus: (POTOTOK, (PUKCHUpYETCs perucTpu-
pytormMm npudopoM. [Ipu onpeneneHHbIX ycio-
BUSIX, B YaCTHOCTH NpHU pa3paboTke mpuOopos
JUISl TIEPEABUKHBIX CPEACTB TUArHOCTUPOBAHUS
WA TIOJIEBBIX UCHBITAHUN CEIBCKOXO3SMCTBEH-
HOM TEXHUKH, ONTHYECKAasl CHUCTEMa MOMKET OT-
CYTCTBOBATh, B 3TOM CiIydae JUIsl CO3/laHus paB-
HOMEPHOTO CBETOBOIO ITOTOKA YCTAaHABIIMBAETCS
paccenBaronas NjaacTUHA.

Kak BUJIHO U3 IpUBENCHHON CXEMBI YCTPOM-
CTBa, HM3MepseMblil mapameTp (mepeMelnicHue,
nedopmarus, ycuiaue U T.J.) OCYIECTBIISET aM-
IUTTYIHYIO MOIYJISAIMI0 paboyero CBETOBOTO
MIOTOKa MyTEM HM3MEHEHMS B3aMMHOIO PpAaCIIO-
JIO)KEHUs PAcCTPOB JpPYr OTHOCUTEIBHO Jpyra.
Takum oOpa3zom, Tpu paszpaboTke mpuodopa,
MPEX]IE BCETro, HEOOXOMMO IKCIIEPUMEHTAIBHO
000CHOBaTh OCHOBHBIE T'€OMETPUYECKUE Iapa-
MeTpsl M (popMy IIeseii pacTpoBOTO COIpsIKe-
Hus. BpiOop reomeTpudeckoi (QopMbI ITeNIe
pacTpoB 00YCIOBIUBAETCS HEOOXoauMoit ¢op-
MOH BBIXOJHOW XapaKTEpPUCTUKUA YCTPOWCTBA
(Mpu ycTIOBUM IJIMHEMHOCTU 3aBHCHUMOCTU €ro
OCTaJIbHBIX 3JIEMEHTOB).

AHAJIU3 TIOCJIEJIHAX UCCJIEJJOBAHUIA
1 TTYBJIVK ALIAA

[lpu pa3paboTKe HM3MEPHUTEIBHOTO YCTPOWi-
CTBa MOTYT TIPECIICIOBATHCS JIBE IICIIH:

1) obecneyeHne MakCUMalIbHOW JIMHEHHO-
CTH BBIXOJTHOW XapaKTCPUCTUKH YCTPOHCTBA
[1],

2) obecrieueHre MaKCUMaJbHOW YYBCTBH-
TEJILHOCTH BBIXOJTHOW XapaKTEPUCTUKU YCTPOii-
cra [2].

B 3aBHCMMOCTH OT TOCTaBJICHHOH 3a1auu
BBIOMPAIOTCSI reoMeTpuueckas (opma U mapa-
MeTpsl Imeser pactpoB [3]. Teopernuecku su-
HelHast 3aBUCUMOCTbh BBIXOJIHOM XapaKTepPHCTH-

K, BBIPOKCHHOW B BUJE aOCOIIOTHOTO UIIH OT-
HOCHUTEIBHOTO 3HAYEHHUS BEJIUYUHBI (POTOTOKA,
JIOCTUTAETCS MPHU OTHOCUTEIILHOM TIepeMertie-
HUH BJIOJIb OCH PAaCTPOB, UMEIOLIMX KBaJApaTHBIE
WM TmpsMoyroyibHbie 1mieau [4]. B atom ciydae
3aBUCHUMOCTb BEJIMYMHBI (JOTOTOKA, OTHECEHHAs
K €ro MakCMMaJbHOMY 3HAYCHHIO, MOXET OBbITh
BBIpaXEHA ypaBHEHUEM [5]:
R _a-Ixl
¢ " ¥ p.max a
IJe: o — Iar ey pacTpa, X — TEKylas Koop-
JIMHATa B HAaIlpaBJICHUU MEPEMEILEHUSI PacTpPOB.

Jlns ynoOcTBa MOCTPOEHUS XapaKTepUCTHUK
3aBUCHUMOCTH (DOTOTOKA 3alMCHIBAIOT OTHECEH-
HBIMH K €ro MaKCHMaJbHOMY 3Ha4deHuio [5].
[lon wmakcuManbHBIM 3HaUY€HHEM (OTOTOKA
Jp.max TOZApaZyMeBaeTCs BeIMUMHA (POTOTOKA B
LENHU MPUEMHUKOB U3Iy4€HUS TP MAKCUMaJb-
HOM pabo4eM CBETOBOM MOTOKE Ppus.max, NOAA-
omeM Ha (OTONMPUEMHUKH (T.€. NMPU MaKCH-
MajJbHO JOMYCTUMOM B3aWMHOM PacKpPBITUH
pactpos) [6].

IIpn 5TOM 4yBCTBUTEIBHOCTH BBIXOJHOM Xa-
PaKTepUCTUKU OyJeT MOCTOSHHOI Ha BCeM Ipe-
Jiesie U3MEHEHUs pabodel XapaKTepUCTHKH U
OTIPEIENATHCSI TEOMETPUUECKUMH TapaMeTpamMu
pacTpoB U CBETOTEXHUYECKMMH IapameTpaMu
cuctembl [7]. CompspkeHue pacTpoB, OAWH U3
KOTOpBIX MMEET IICNIM KBAJIPaTHOM, a Ipyrom —
Kpyrioi  ¢Gopmbl, OOYCIOBIMBACT TOIYYCHUE
Oosiee CIIOKHOM BBIXOJHOW XapaKTepUCTHUKH,
HMEIOIIEH, OJIHAKO, 3HAYMTEIBbHBIN JTHHEHHBIN
y4acTOK U OOJIBIIYI0 YyBCTBUTEIBHOCTD [8]:

CZ—X2
-
o

—a<x<a, (1)

3,13

¢.max. —

arcCos 2(

27

@)

W3 npuBeneHHO# xapakrepucTHKU (2) BUA-
HO, YTO HauOOJbIlIasi YyBCTBUTEIBHOCTh B 3TOM
cllydyae COOTBETCTBYET JIMHEHHOMY y4acTKy pa-
Ooueii xapakrepuctuku [9].

[lpn pemenun 3agaun oOecredeHUs] MAKCH-
MaJIbHOM 4YyBCTBUTEIBHOCTH YCTPOMCTBA MOTYT
OBITH MCIOJIb30BAHbl PACTPBl C POMOUMYECKUMHU
messimu [10]. B aToMm ciydae BbIXOAHAs Xapak-
TEPUCTUKA YCTPOMCTBA BBIPAXKAETCS 3aBUCUMO-
creio [11]:

x2
pomax — 2

J, 1 —a<x<+a, (3)

R
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U3 KOTOPOHM CIIeAyeT, YTO JIMIIb HE3HAUYUTElb-
HBI Y4acTOK €€ MOXXET ObITh ammpOKCUMHUPO-
BaH C JOCTaTOYHOH CTENEHbI0 NPUOIMKEHUS
npsiMoit smamel [12]. OaHako Ha 3TOM ydacTke
YYBCTBUTEIBHOCTh BBIXOAHOW XapaKTePUCTHKH
Oyznet MakcumaibHoM [13].

Takum o0pazom, Aisi pelieHusl 3a7avu
obecrieyeHHsT MaKCUMAallbHOM JMHEWHOCTH pa-
Oouell XapaKTEpUCTHKH YCTpPOMCTBA LIEIECO00-
pa3HO HCIOJIB30BATh PACTPOBOE COMPSHKEHUE C
MPSIMOYTOJIBHBIMU ITIENIsIMU. Bmecte ¢ TeM cie-
IyeT OTMETHTh, YTO B TEX CJydYasx, Korjia
HEe00X0IMMO MOJIyYUTh M3MEPHUTEIbHOE
YCTPOMCTBO C BBICOKOM YYBCTBUTEIIBHOCTBIO,
1eaecoo0pa3Ho BBIOMPATh PACTPOBOE COTMpPSIKeE-
HHUE ¢ poMOMUYeckuMHu miensimMu [14].

Bropoii yacTs 3amauu SABISETCS OlIpenere-
HUE TEOMETPUUYECKUX IapaMeTPOB PacTPOBOTO
conpsokeHuss. C LETpl0 OMpeNeNeHus] MaKCcH-
MaJbHOM JIMHEWHOCTH BBIXOJAHOW XapaKTepHu-
CTHUKU YCTpPOMCTBa OBLIM MPOBENEHBI UCCIENO0-
BAaHUS PACTPOBBIX COMPSHKEHUHN C MIMPUHOM Iile-
au ot 0,1 mm 10 3,0 MM C COOTBETCTBYIOLUMMHU
tunopasmepamu: 01, 0,2, 0,4, 0,5, 0,8, 1,0, 1,2,
1,6, 2,0, 3,0 [15].

PacTpoBble mIacTHHBI BBITIOJIHEHBI (JOTOME-
TOJIOM C TpadaperoB, KOTOpPbIE H3TOTaBIUBa-
mucek B Macmrrabe 50:1 (mpu umpuHE MIEH
a=0,5, 0,8, 1,0, 1,2 mm) u 10:1 (nmpm umpuHe
menn o=1,6, 2,0, 3,0 mm) [16]. Takum oOpazom
ObUIM TIOJTy4e€Hbl HETaTUBHI Ha crekie — mo 20
o0pasioB kaxiaoro tumopasmepa [17]. B pe-
3yAbTaTe psfa dKCIEPUMEHTAIbHBIX arpoOupo-
BaHWI B KauyecTBE Marepuaja pacTpoB ObUIH
BBIOpaHBl BBICOKOPA3pEIIAIONIEe HEraTHBHEIC
niacTuHel Tuna BP, npenHasHadyeHHble 171 W3-
TOTOBJICHHUSI TPEIU3MOHHBIX (DOTOMIAOIOHOB H
o0ecreynBaroNye M0 TEXHUYECKUM YCIOBUSIM

BBICOKYIO KOHTPAaCTHOCTb U  Pa3pelaIoNIyro
CIIOCOOHOCTh, HE3HAYUTEIBHYIO ONTHYECKYFO
IJIOTHOCTh BYaJlIH, YTO B COK OYepens, 00y-
CIIaBJIMBAET 3HAYMTEIBHOE TIOTIOMICHHE TTPOXO-
JSIIETO CBETOBOTO MOTOKAa M Pa3MBITOCTh Kpast
— He Oomee 1,0 mxm [18]. Tlocnemnee obcTos-
TEJILCTBO OCOOCHHO BAXKHO JUISI YMEHBILICHUS
HEJIIMHEHHOCTH BBIXOJHOW XapaKTePUCTUKH OT
KpaeBBIX SIBJICHUMU, 3aKIIOYAIONIMXCS B pa3Mbl-
TOCTH TpaHullbl menb-mrpux [19]. o gaHHBIM
psana aBTopoB [20], 3TOT MeTOA MO3BOJISET H3-
TOTOBJIATH PACTPbl C IMOTPEIIHOCTHIO He OoJiee
0,0005 MmMm.

I[TOCTAHOBKA 3AZ1IAYUU

Henp paboThl 3aKII0YAETCS B YCTAaHOBJIEHUU
3aKOHOMEPHOCTEH TMoJydeHusi 0oJiee TOITHOM
uHpopMauu o cnenuduke TMarHOCTUKH XOJ10-
BOI1 cHCTEMBI 3¢pHOYOOPOYHOTO KOMOaiHa.

N3JIOXKEHUE OCHOBHOTI'O MATEPUAJIA

BenenctBue HexkoTopoil Mukpoaedopmanuu
MOBEPXHOCTHOTO CJIOS OTAENbHBIX (oTOmIa-
CTHH C I[EJIbI0 00eCIIeUCHUSI TapaHTHPOBAHHOTO
MEPEKPBITHS IeNiell Hempo3payHbIMHU IITpPHXa-
MU OTHOCHUTENbHAs MIMPUHA IIEIH MPUHSATA
11,=0,4:

11,~o/g 4)
T o — MIMpPUHA eI pacTpa, § — Mar pacTpa,
6 — IMPUHA ITPUXa pacTpa (B=g-a).

[To pesynbraTtam 3aMepoB TE€OMETPHYECKUX
MapamMeTpoB PacTPOB MOCTPOCHBI THCTOTPAMMEI
U TIOJIMTOHBI PpacupCACICHUA MJId psaa THUIIO-
pa3MepoB, U3 KOTOPBIX BHIHO, YTO KOI(PpUIIu-
€HT BapHaluy pa3Mepa NIMPUHBI IIEIN pacTpoB
m He npeBbimaeT 3HadeHus 0,35 (tadm. 1).

Taoauma 1.
Table 1.
Ne /i a , MM a , Mm O, MM m

1 0,10 0,05 0,002 0,35
2 0,20 0,20 0,002 0,23
3 0,40 0,39 0,005 0,32
4 0,50 0,495 0,006 0,34
5 0,80 0,79 0,008 0,28
6 1,00 0,99 0,009 0,21
7 1,20 1,08 0,011 0,32
8 1,60 1,59 0,010 0,24
9 2,00 1,99 0,012 0,30
10 3,00 2,98 0,016 0,34
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Taoauua 2.
Table 2.

o, MM 68, MM g, MM I, MM KL MM
0,10 0,15 0,25 0,025 0,25
0,20 0,30 0,50 0,05 0,25
0,40 0,60 1,00 0,15 0,37
0,50 0,75 1,25 0,20 0,40
0,80 1,20 2,00 0,30 0,38
1,00 1,50 2,50 0,40 0,40
1,20 1,80 3,00 0,55 0,45
160 2,40 4,00 0,80 0,50
2,00 3,00 5,00 1,10 0,55
3,00 4,50 7,50 1,20 0,40

JInst Kaxaoro TuIopasMepa pacTpoBBIX CO-
NpSHDKEHUM ObUIM MCCIIE0BAHBl 3aBUCUMOCTHU
($OTOTOKa OT BEIUYMHBI B3aUMHOTO TMEPEKPHI-
THS IIEJeH pacTpoB(B Mpezeiax OJHOIO Iara).
B kauectBe KpuTepusi CpaBHEHHUs BbIOpaH KO-
d(ppUIIHEHT TUHEHHOCTH BBIXOJHOM XapaKTepH-
CTUKU, OINpPEACNIeMbIN IS KaXI0T0 U3 COMpsi-
KEHUN OTHOLICHHEM JIMHEWHOIO y4JacTKa Xa-
PaKTepUCTUKU K BEIMYHMHE NepeMenieHus (Im-
pHUHE 1IN ):

K =1,/a, (5)
U IS UCCIENYEMbIX TUIIOPAa3MEPOB PACTPOB OH
u3MeHsiercss B mpeaenax oT Kimax=0,25 no
Kimax=0,55 (Tabm. 2).

He3nauurtenbHblii JIMHEWHBIA y4acCTOK BBbI-
XOJIHOW XapaKTepUCTUKU MPU MaJbIX 3HAUCHUSX
IIMPUHBI IEJIA MOXET OBITh OOBSICHEH JBYMS
MOMEHTaMHU

- BO-TIEPBBIX, 3HAUUTEJIbHBIM BIUSHUEM Ha
BBIXOJHYIO XapaKTEpUCTHKY KpaeBbIX SIBJICHUI
B pacTpoBOM CONpPSDKEHMHM (OCOOEHHO Ha
HayaJIbHbI y4acTOK) a TaKKe HepaBHOMEp-
HOCTb pacCHpEeleNIeHUs] YyBCTBUTEIBHOCTH Ha
pa3IMYHBIX Y4acTKaX CBETOYYBCTBUTEIBHOMN
MOBEPXHOCTU (POTONPUEMHHUKA,

- BO-BTOPBIX, HAIMYHEM IOTPEHIHOCTEN M3-
TOTOBJIEHUSI U YCTAaHOBKU pacTpoB (IIOTPELIHO-
CTH TeOMeTpUYecKol (opMbl U pa3MepoB pacT-
pPOB, HECOOCHOW ILENeH, HenapayuiedbHOCTh
IJIACTUH U T.1.). [Ipuyem c yBeluYeHHEM LIH-
PHUHBI IIETU pacTpa MepBblid (akTop HAYUHAET
OKa3bIBaTh MEHbLIEE BIUSIHNE HA HETUHEUHOCTh
BBIXOJTHOM XapakTepUCTHUKU U JOMUHUPYIOIM
CTAaHOBHTCS BTOpOH (pakTop.

VYMeHblleHne Kod(puIMeHTa JIUHEHHOCTH
BBIXOJJHOM XapaKTePUCTUKU TMPU YBEIUUYCHUU
NMPUHBI MK 0ojJiee 0=2 MM MOXET OBITh

OOBSICHEHO BJIMSIHUEM COOTHOIICHHS T€OMETPHU-
YECKUX TapamMeTpoB PacTpOB M HCIOJIb3YeMbIX
MIPUEMHUKOB U3ITy4CHHUSI.

Takum 00Opa3oM, Ha OCHOBAHHM MPOBEACH-
HBIX HKCCIICIOBAHWN BBIOPAHO PACTPOBOE CO-
MPsOKEHUE C TPSMOYTOJbHON (OpPMON Imenu u
CJIEIYIOIIMMU T€OMETPUUYECKUMU MapaMeTpaMH:
OMPUHON IIENW 0=2 MM, IHMPUHON IITpUXa
6=3 MM, IIarOM pacTpa g=5 MMM JJUHOHN IIEIH
1=20 MM. DTO pacTpoBOE COMpsDKEHUE odectie-
YUBAET JINHEHHOCTh BBIXOJAHOM XapaKTepUCTHKU
U3MEPHUTENIbHOTO  YCTpOHMCTBa B  Mpejaenax
50+60%. HenoctaTo4HOCTh TMHEHHOIO ydacTKa
MOJYy4eHHON pabodeil XapakTepucTHKU O00y-
CIIOBITUBACT HEOOXOAMMOCThH AalbHEHIMX HC-
CJIeIOBAaHUN YHUBEPCAJIHLHOTO PAacTPOBOTO JaT-
YhKa C LEJIbl0 JMHEapU3alud €ro BBIXOJHOM
XapaKTEepUCTHKH 751 OoJiee MIMPOKOTO HCIIONb-
30BaHUsI IPU TUATHOCTUPOBAHUM U UCIIBITAHUSIX
CEJIbCKOXO3MCTBEHHON TEXHUKH.

HcnbiTanus X0IOBOM CHUCTEMbl Ha JUAarHo-
ctuyeckoM crenjie «Tech-Test», mokasanu, 4To
OILICHKa TacsIlMX CBOMCTB XOJOBOM U paboTo-
CIIOCOOHOCTH XOJOBOM B OTHENBHBIX CIydasix
BCTpevaeT 3arpyaHeHus. [loatomy Obuio TIpO-
BEJICHO TEOPETUYECKOE HCCIeI0OBaHUE, YTOOBI
BBISICHUTh, HACKOJIBKO CYIIECTBEHHO MOTYT
BIIUSTH JIMATHOCTUYECKUE TapaMeTpbl — COMpPO-
TUBJICHHE XOJOBOW U TPEHUE B XOJOBOW — Ha
KoJleOaHWsl OMOpPHOW TIIompAKu creHma. Jlms
uccienoBaHusl Obljla HCIOJBb30BaHA MOJIENb,
onucaHHas B paboTe U JOIMOJHEHHas MmapameT-
pamH, XapaKTepU3YIOLMMU HEYIPYroe Compo-
THUBJICHUE B CUCTEME «CTCHJI-XO0I0BasH.

Jlns TeopeThueckoro aHaiamsa OCOOEHHO-
CTE! CHUCTEMBI BBISICHUM MPEXKJIE BCETO OCHOB-
Hble (OpPMBI YCTAHOBUBILETOCS TBHXKEHUS, CO-
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ctaBuM uddepeHnranbHbIe ypaBHCHUS JIBU-
JKEHHSI PaCcyeTHOM JABYXMacCOBOM MOJEIHU, C
Y4ETOM TOTO, YTO COOCTBEHHBIC YACTOTHI KOJe-
OaHW MMOJIPECCOPEHHOM M HEMOJIPECCOPEHHON
Macc pa3nuyaroTcs oObIYHO Ha mopsnok. [lo-
ATOMY NEepEeMEIeHUS MTOAPECCOPEHHON MacChl B
YaCTOTHOW OOJIACTH pPE30HaHCa HEeMOAPECcCo-
PEHHOIl Macchl HECYIIECTBEHHBI, T.€. MOXHO
npuHSTH Z=0.

VYpaBHEHUS IBUKCHHS HEIOIPECCOPCHHOU
Macchl M OIOPHOM TIUIOIAIKK KoyeOaTens 3a-
MAIIEM B CIICAYIOIIEM BUJIC:

mi, =(K,+K,)Z, =(C+C,)Z, =K,3+C,g, (6)

mG+K,g+(C,+C)g=K, 2, +C,Z +C.ey, (7)
rJe. m — HEeNoJpPecCOpPeHHas Macca KomoOaiiHa,
m, — Macca OMOPHOM TUIOIMIAJIKUA CTeHJIa — KoJle-
Oarensi, Z1 — nepeMelieHue HemoIPECCOPEHHOM
Macchl, § — TepeMenicHIe OMOPHOM TUTOIAIKH
cregaa, C. — MKECTKOCTh NPYKHHBI CTEHJA,
C, — ’eCTKOCTb peccop Xon0Bol kombaiina, Cy,
— JKECTKOCTh IMH, K, — KO3(PPUIIUEHT COmpo-
TUBJICHHUSI aMOpPTU3AaTOpa U TPEHUS B XOJOBOM,
K, — xoa(hprIiueHT cConpoTHBICHUS IINHEI.

Jnsa perenus ypaBuenus (6) u (7) npezacra-
BUM 7, §, 7,0 u Ceyo B CIECTYIOIEM BUJIE:

4, = Zl(jw)z, g= g(jw)z' 2= Zl(jW)' g= g(jw),
€6y =Dy

Torna ypaBuenusi (6) u (7) npuMyT BUI:

—mz,w® +(k, +k, ) jwz, +

+ (cp +¢, Jz=k,g(jw)+c,g,
~mgw* +k,g(jw)+(c, +c)g =
=k, z,(jw)+c,z, + p,.

Bsenem 00001eHHBIE 0003HAYEHU S
_ke+ky o Py o

w

V= v Po= =6,W,,
2mwk m
c +c c C
Wlf:—p = wa —w Wgz_c’
m m m,
l// p— KW Klu
K

= W, = .

2mwk T 2mow,

[penctasuM audpepeHIManbHbIe ypaBHE-

HHUs ABUXCHUA HeHOﬂpeCCOpeHHOﬁ MacCbl H
OIOPHOM IJIOMAJKM CTEHJA B CJIEAYIOIEM BH-
ne:

— ZW + 20, WgWZ, + W Z, = 29, Wi W W, g, (8)

2 : 2
—gw + Zl/lcmwcg.lw +W. Q=

©)

H 2 1
=2 W, Z JW+W,,, + P,-

Beipazum auarnoctuyeckue napaMmeTpsl Z U
g uepe3 MOCTOSIHHbIE U MIEPEMEHHBIE BETUYHUHBI:

— W+ 20, W JW AW,

N
-

H 2 1
(ZWCWWC JW + WCm )Zl + po
— W2+ 2y, W, W+ W
IloctaBuB >TH BBIPpA)XCHUSA B COOTBCTCTBY-

ronme nuddepeHnranbHble YpaBHEHHS, IMOTY-
YUM

g:

- P (W2, + 27, w, jw) (10)
P W 2p, W W wE - WP 4 2w+ wE ) -
P, (szzu + 203, Wy JW)
- (ZWCWWC JW + Wczm le//kmwk JW + Wlfm ) l
_ pé(— W2+ 2p, W, jw+ Wf) (11)

W 2w wE W 2w ) -

oW + 2y, jw -+ i
— (2w, o+ W, 207, i jw -+ i, )

YnpoctuM 3HaMeHaTeNlb 3TUX YPaBHEHU,
BBEJIS CIIEIyIOIMEe 0003HAUYEHUS:

a= (— W2+ 2, W, W+ W )
6= (— W2+ 2p, W, jw + Wf)
c= (ZWCWWC w+w?, )
d = 2y, W ) jw + W,
Torma nmomy4yum:
7 = Po (Wlfm + 203, Wi JW)

, 11)
as —cd
g= pi [(Wlf — W2 + 2l//ka JW)] - (12)
as —cd

BbimosHUB 1peoOpa3oBaHus U TPYIIIHPOBKU
B 3HaMCHATCJIC, IPCACTABUM €TI0 B CIICAYIOLICM
BUJIE:
ae—cd = [(WCZ - W lef - W )— W, W2, ]+

2 2 2 2
WCWWC(WK —-W )\N+l//ka(Wc —-W )‘N_ J :
2 2
- (l/lkluWkWCm + l//CmWCka )W
Oo6mee pemenne ypaBHeHus (11) naiinem B
CJIEIYIOIEM BU/IE:

7 = o} (W2, + 2y, W, jw)
i () (v R

+2

pL (W2, + 2y, W, jw)
l//CulWC (sz - Wz )+ !//kak (WCZ - WZ)

2 20,2
- (l//kzu Wk WCm + l//(:m Wk ka )

+2 w
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KommiekcHOe BBIpaXEHHE I Z; MOXKHO
MPEICTAaBUTh KAK TCOMETPUUYECKYID CyMMY CO-
CTaBJISIIONIMX OJHOTO BEKTOpa. DTO JaeT ympo-
menue pemeHus. O003HAYMM YIPOILEHUE pe-
ICHHSL:

A = Wlfm’ B = 2‘//ku4WkW’
C = [ ~w)(w? - w)-wZui, |
D= Z[WCWWC(WE - WZ)"‘ v\ W (Wcz - WZ)_
- (kawkwfm + WCW WCWCZW )]W
Torna:
_ 1 (A+jB)c—jD) _
' °(Cc+jD)Cc-jD)
. | A2+B?

Pc7 o7 -

4 2 020 s2
ka + 4V/kakW

[ —w* g = w* ) Wi, i, T+

=B,

+ 4[‘//(:mwc (Wcz - Wz )_
4 2 i 2vns2
Wi, + 4, W W

2 2 .

- (‘/jkmwk WCm + l//CmWCka ) +

2 202,52

AHAJIOTHYHO, TIPUMEHSS TAaKOW K€ BBIBOJI

JJIA g, MOXXHO HaAIIuCarTh.

(13)

g=p! (Wf —W2)+ Ay WP W
"V ooz —we g - )i  +

(sz —~ Wz)2 + Ay 2WewW?

. (14)

( 2 2) ( 2 2) 2
WeiWe W =W )+ W (W =W )=
2 2
- (Wki Wi Wi + W W Wi )
Jliis ynoOcTBa MOIB30BaHUS TOJTyICHHBIMU
BhIpaxeHUsMH (5) 1 (6), 0003HaUYNM:
2 22 a2 2 2
Q= [(Wc —W ka —W )_ WCkaml

2

+4 W

2 2 2 2
W= l//CmWC(Wk —W )+l//ka(Wc —-W )_ W’
2 2
- (‘// e Wi Wi T ‘/’chka)

Z g

U 3alldIIEM COOTHONIEHHE — W — B CJEIYIO-
60 60

IEM BUJIE:

— =W 2 2 ) ( )
8 Q° +4y

9_ . (wk2 —w? )2 + Ay Wi w?
8 ¢ O*+4 '

(16)

DT ypaBHEHHS OMNPEACTSIOT aMILIUTYIHO-
YaCTOTHBIC XApPAKTCPUCTUKA YCTAHOBUBIIMXCS
KoJieOaHWI HEMOJIPECCOPEHHOM Macchl (Kojec
KoMOaiiHa) U OMOPHOH TIOUMAJAKYA CTEHA.

UccnenoBanust mo ¢opmynam (15) u (16)
1enecooOpa3Ho BBIMOJIHSTH C ITOMOIIBIO COBpe-
MEHHBIX TPHUKIATHBIX KOMIBIOTEPHBIX TEXHO-
JIOTHUIA.

JIJ1s1 KOHKPETHOTO TEOPETHYECKOro aHalu3a
CUCTEeMBl M OIpPEACICHUS IUarHOCTUYCCKUX
BO3MOXKHOCTEH CTEHJa B KadyecTBEe IpUMepa
ObLIM MCIOJIB30BAHbI MapaMeTpbl XOAOBOW CH-
CTeMBI 3epHOYOOpPOYHOTrO KombaiiHa. McxoaHbie
TAHHBIC JUTS pacueTa MPUBEICHBI B Tabmuie 3.

DTO TUNUYHBIE PE3ylnbTaThl JIWATHOCTUYE-
CKOTO B3aMMO/ICHCTBUSI MAacChl KOJieca M MacChl
OTIOPHOHM TUIOMIAJIKM CTEHJa, KOTOpPHIE COBEp-
[IEHHO HE€ YYUTHIBAIOTCS U B (UPMEHHON WH-
CTPYKIIUH HA CTCH].

K ormeueHHBIM 0COOEHHOCTSIM Haxo aoOa-
BUTh BIUSHUE H3MEHEHUs (aszbl KoyeOaHui
OTIOPHOW TIJIOMAJKA CTEHJIA TIPU HEYCTAaHOBH B-
HIeMcs peXUME U MPOXOXKIECHUU Yepe3 «pe3o-
HAHCHYIO» 9aCTOTY KoxeGanmii Wy.!

HauGonee spko 3TO sIBJICHHUE MOXKHO
Ha0m0/1aTh, KOTJAA Ha CTEHJE HCHBITHIBACTCS
xo/oBasi 0e3 XOJOBOM, T.e. 3aTyXaHHeE Koiela-
HHUHM OmpenensieTcs CPaBHUTEILHO MAaJIbIM I10-
CTOSSHHBIM TPEHHMEM B XOJIOBOM M THCTEpe3HcC-
HBIMU TOTepsiMH B mmHe. llpu orcyrcTBHUM
aMOPTH3aTOpa HAYaBIIMKUCS POCT AMILTHTYJbI
KoJIeOaHWM TpephIBaeTCs U B Touke J (pu W
~Ww1) BenuunHa g — 0. 3atem ¢ CHOBA yBEJIHYH-
BACTCsl, HO HU B MEPBOM ciaydae (10 TOYKH J),
HHU BO BTOpOM (ITOCjie TOYKM J) BeIMUYWHA ( HE
JOCTUTAeT MAKCHMAJIbHBIX 3HAYCHHUH, KOTOPHIC
OPUEHTUPOBOYHO HAMEYCHBI IITPUXOBBIMHU JIH-
HUSIMH. AHAJIOTHYHOE TMOJOXKEHUE UMEETCS U B
cllydae C aMOPTH3aTOPOM, HO IPOSBIISIETCS 3TO
MeHee HarsiiHo. Takum o0Opa3oM, HeycTaHO-
BUBIICICS XapakTep KojJebaHuil Ha CTeH/ie BHO-
CUT JIONOJIHUTEIbHBIC HCKAKEHUS B (OPMUPO-
BAaHME JIMarHOCTUYECKOTo Mapamerpa. ITH HUcC-
KQKCHHUS OCOOCHHO CHJIBHO TMPOSBISIOTCS B
HanOoJiee TMOKa3aTeILHON C TOYKU 3PCHHUS M a-
THOCTHKH pe30HaHCHOW oOyactu AUX.

Conocrasnenne rpadpukoB AUX u ocuuio-
rpaMMBbI TIOKa3bIBAET, YTO PE30HAHC IIPU W2, T.C.
IpH 4acToTax W>W,, Ha CTeHJa He MPOsBIISET-
csi. DTO CBS3aHO C TE€M, YTO HadaJbHAs 4acTOTa
KoJIe0aHMi, ¢ KOTOPOW HAYMHAETCS 3aIuCh, He-
CKOJIBKO MEHBIIe Wo.
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Taoauua 3.
Table 3.
O0Oo3HaueHuE B XomoBas
[Tapamerp Ennnuna
dopmyne CUCTEMA
INoapeccopennas macca M H/em 0,25
HenoapeccopenHnast macca, MpuXOAIIascs Ha m Wem 0,035
KOJIECO
Macca mIomaakya cTeHaa m, H/em 0,072
KecTkocTh HEMOAPECCOPEHHOM MACCHI C, H/em 21,75
JKecTtkocTh MalMHbI Cu H/em 20,6
CobOcTBeHHAas YacToTa KojaeOaHuH Kojieca iC 81
W, =, |——F 1/c
m
CoOcTBeHHas YacTOTa KoJIeOaHUH OTIOPHOM C +C 71,1
TUTOMAIKA CTEHIa W, = ”’Tp 1/c
[NapunaneHas yacTota KojeOaHUii Kojeca Ha C 76,6
HMHE W, =.—% 1/c
m
[NapunaneHas yacTora KoneOaHUN OMTOPHOU C 53,5
IUIOIAAKA CTEHJA HA IIMHE W, = m_m 1l/c
Pe3oHaHCHBIE 4acTOTHI B pACUETHOM CUCTEME W1 1/c 41
W2 1/c 99,6
OTHOIIIEHHE YaCTOT K COOCTBEHHOI 4aCcTOTE KO- W 0,123-
nebaHuii Kojeca A= Wk - 1,481
Koaddurment anepuoanaHoCTy IS m K, 0,04 u
Ve omw, - 0,08
Koadduiment anepuoauaHoCcTy 11 m,. v K, 0,0210m
c 2m.w, 0,0419
Koaddumuent anepuoamnanoctu konebaHui Ko- Y. 0,04-0,36
Jeca pu JHCTBUH HEYITOPHOTO COTIPOTH BICHUS -
B XOJOBOU U IIIMHE

BMmecTte ¢ TeM MOXXHO yOEOUTBCS, UTO IPHU
W =W, B JMalia3oHe peajbHbIX BeIMUnH ¥ nua-
THOCTUYECKAE BO3MOXKHOCTH aHAJIM3UPYEMOit
CHCTEMBI BEChbMa OTPAHMYEHBI W TPAKTHYECKU
UX HCII0JIb30BATh 3aTPYJHUTEIBHO.

ComnocraBienne AUYX NmpuBOAUT K MBICIH,
9TO B 30HE «VICTHHHOTO pe30HaHCca» mpu W ~Wy
B KauecTBE JMArHOCTHUYECKOTO Mapamerpa Mo-
KeT OBITh UCIOJB30BAHO OTHOIICHUE Z1 B ATOM
o0nacTu M3MeHseTcsl ciabo, a § OKa3bIBaeTcCs
TEM MEHbIle, YeM ciabee raiieHue KosneOaHuit
BCJIC/ICTBUE JMAarHOCTHYECKOTO  B3aUMOJCH-
CTBHUSl KOJIEOIIOIMXCA Macc M¢ U M, KOTOPBIi
Haubosee ApKO MPOSBISAETCS UMEHHO B 00J1aCTH
W =W, MMO-BHIAUMOMY, MOXXET OBITh MCIIOJB30-
BaH JIUISl TMArHOCTHKH TacsIMXCS CBOWCTB XO-

noBo#. Ilpm sToM HamoO y4UTBIBATH U TO, YTO
(hazoBbIE CABUTH B ATOM 0OJIACTH OTCYTCTBYIOT.
UroObl MPOBEPUTH ATO MPEAINOJIOKEHUE U
MPOAaHAM3UPOBATh, KaKOH W3 TMapaMeTpoB (Z1
UM J) ¥ B KaXJI0i 00NacTU 4acTOT MOJIydaer
OTHOCHUTEJBHO OOJbIIME OTKIOHEHHUS, OIpese-
JUM aHAMTUYECKYIO0 CBsi3b Z1 W Q. Jlis 3Toro
noctarouno pasaenuts (15) na (16):

w4yl wewe
Z_ ku zl//km Kk 17
g (Wf —WZ) + Ayt wWowW]
1501041
2
G| gl 2
C +C
LR | (AR e A=, (18)
g (- 22 +apA W,
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Ilocnennue BBIpAKCHUSA NAOT BO3MOKHOCTDb
4
g

CUT OT IMapaMeETpPoOB CTCHAA, TAK, HAIIPUMEP, IIPH

Cpa3y 3aKI0YUThb, YTO OTHOLUICHUE HE 3aBU-

w=Ww, uA=1 (¢ ydserom manoctu ¥,) nMeeM:

Cul

C. +C
R BTl (19)

g 2y,

YuntsiBad, uro C,,~10C, (xombaiiHu KIacy
6 xr/c), C,=5C, (xombaitnm wmacy 9 kr/c),
HalJIeM 3JIEMEHTapHOE COOTHOIICHHUE!

4 0450421 .

g ¥,

HccnenoBanne Boipaxkenus (17) u AUX mo-
Ka3bIBa€T HEKOTOPBIE MPEUMYIIECTBA JIUArHO-
CTUYECKOIO MapaMeTpa Z1 MO CPaBHEHMIO C (:

- B 00JaCTH pPE30HAHCHBIX YacTOT W1 U W2
umeem Z1/g >1,

- 3aBUCUMOCTH Z1/g oT ¥y, BBIpaXeHa ciia-
Oee, yeM B cirydae ¢/Bo.

OHaKoO MCTOJIB30BATh ATU MPEUMYIIECTBA B
YCIOBHSIX HEYCTAaHOBUBIIMXCS KoJeOaHUM 3a-
TPYAHUTEIBHO MO TEM XK€ NPUUYMHAM, KakKue
HMMEIOT MECTO U B CJIydae IMarH OCTUPOBAHHUE 1O
g. C TOYKH 3peHUs METPOJIOTUU ITH B OOJIBIIEH
Mepe KauyeCTBEHHBIC, HEKEIN KOJIUYECTBEHHBIE,
OIIEHKU MPAKTUYECKA PAaBHOIICHHBI.

B 10 xe Bpewms, Kak U OBLIO MPEIOKEHO
BBIIIC, OTHOCHUTEIbHAS BEIMYUHA Z1/J MOXKET
HCIIOJIb30BAThCS B Kauy€CTBE JUArHOCTUYECKOIO
nmapamerpa. OTOT pe3yiabTaT TEOPETHUYECKOrO
aHaJgM3a MOXHO PEKOMEHJIOBAaTh IPOBEPHUTH HA
IIPaKTUKE.

B 3aximroyeHue pacCMOTPUM YacTHBIM CIIy-
Yyall MCIBITAHUM XOJIOBOM HA CTEHJIE, KOTJa My-
TEM CIEeHHAIbHOTO O(OpMIICHUSI OMOPHOI
niuomAKu («THe3da» s Kojeca) >KeCTKOCTh
IIMHBl UCKYCCTBEHHO YBEJIMYHMBACTCS IO TaKOM
CTENEHM, YTO KOJIECO M IUIOIAJIKA IepeMela-
I0TCS KaK OJTHO 11e7I0e. ITO 0c000 MO TIepKUBa-
€TCs, XOTS SICHO, YTO BBIMIOJHUTH TAKOTO POJa
VHUBEpCadbHOE (A7 pa3HBIX Mapok KomOaii-
HOB) «THE3[0» KoJieca Ha IJIOMAJIKe CTEHJa
IIPAKTUYECKU HEBO3MOKHO.

B »toM cnyuae konebarenbHas cucreMa
«CTEH[I-XO/IOBas» MOXET ObITh CMOJCIMPOBaHA
CHUCTEMOM C OJHOH CTEIEHBIO CBOOOIHBI, a CO-
OTHOIIICHUE aMIUIMTYAbl KoleOaHuil «oObeau-
HEHHOM» MacChl M,,=m=+m. A aMIUIATY/bI BO3-
OyXKIECHHS 6, BHIPAXKAETCS B TAKOM BHUJIE:

(20)

2

a2 : @
6 Woy | (1= 22 ) +4p2 22
rae: WC21 S , W§p=—cp+cc,
m+m, m+m,
IIpu >TOM:
Wy = K, —y mnp_Wnp_
“o2mw, T moow,
O6o03Ha9NM:
o 5 Gy s G
m C, C,
TOIJIa,

/1+5 1+0.
% :l//gh(1+1u)05ﬁ RN l//np :l//k(1+/'l)0' 1+5j )

[punumas u~1, 01=1 u 6,=10, 4ro 6IU3KO K
peaIbHBIM MapamMeTpaM (Ui JIETKOBBIX KOM-
0aifHOB),  HaiijeM V=¥, a TOuHEe,
¥,p~(1,5-1,8) ..

B cBsa3W ¢ 3THM [IMArHOCTHKA TacsAIpX
CBOWMCTB CHCTEMbI XOJIOBOW TPH BBIOJHCHHUH
YCIIOBHS «OOBETMHEHUS» MacC m U M. Ha Iep-
BBIA B3I oOserdaercs. JledcTBUTENbHO, TTPH
pPE30HAHCHBIX KonebaHusx (W=Wnp=0,3Wx u
A=1) umeem:

C,
C +C
a_“tte g5l 22)
6, Wy Wip

JlanHOoe BbIpakeHHE HarOMHHAET (OPMYJIbI
(10) m (12), HO OHUM He CBS3aHBI C AUHAMHYE-
CKMM B3aMMOJICHCTBHEM Macc M U Mg, 4TO
Ipe/CTaBisieTcs ero mnpeumyiiectBoM. Kpome
TOTO, BEMUYMHA 6=CONSt, 4YTO TarkKke MOXKHO
CUHTATh IMPEUMYIICCTBOM ITOCIICTHETO BaprHaHTa
nuarHoctTuku. Ha ocHOBaHMM  HM3JI0KEHHOTO
€CTh TPSMON CMBICI MPOBEPUTH HA MPAKTHKE
BApPHAHT JIMAarHOCTHKU C «OOBEAMHEHHEM)» MacCC
m u mc. Takoe «oObeAMHEHUEY», BUTUMO, OyIET
HanboJlee HAJEKHBIM MPHU KECTKOM MEXaHUYe-
CKOM COCJMHEHWH YyKa3aHHBIX Macc, a He MpHU
0COOOM BBITIOTHEHUH «THE3/1a» MOJ] KOJIECO, KaK
«@IPEeyCMOTPEHOY» TIPU CO3JIaHUH CTEHIA.

UroObl yOenmuThCS B HATUYUU WM OTCYT-
cTBUM dPdeKra «0ObeAUHEHUD» Macc M U Me.
[Ipu pabore creHa, OBLITU MOCTABIICHBI CIICIIH-
QJIbHBIE ONBITHI C OJIHOBPEMEHHOMN 3alHChIO KO-
nebaHUii OMOPHOM TUIOHIAJKA U OCH Kojeca
KoMOaiiHa. DTH OMBITHI, C OJJHON CTOPOHBI, MO/~
TBEPAWJIM HaJIW4he JUHAMUYECKOrO B3aWMO-
NEHCTBUSA Macc Kojeca M OMOPHOW TJIOIIAIKU
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CTEHJIa, YTO OTPUIIATEIIHO MPOSBIISETCS B yKa-
3aHHBIX BEIIIE 0cOOeHHOCTSIX AUX muarHoctu-
YECKOro Mapamerpa, a ¢ JAPYroil CTOPOHBI, HE
BBISIBUJIM «PE30HAHCa» TP WWnp.

PacueTsl B 3TOM ciydae npou3BOAUINCH IS
pasHbIX K, 1 cOOTBETCTBEHHO ¥),,. [lonmydennsie
aAMIUIUTYJHO-4YaCTOTHBIE XapaKTepPUCTUKH
OTIPEENAI0T PEe30HAHC MPU YaCTOTE KoJeOaHUi
W,p, KOTOpast NOBOJBHO Onm3ka K Wi. OTa 4a-
cToTa peanusyercs B parione touku L. Ilo xa-
pakTepy KpUBOM HEYCTAaHOBUBIIMXCS 3aTyXaro-
nMX KojeOaHWW BHUIHO, YTO B ATOM Cllydae
CTEH]I BOOOIIE HE JA€T 3aMETHOTO PE30HAHCA.

[TomydyeHnHble pe3ynbTaThl MOXKHO OOBsC-
HUTh YKa3aHHBIM BBIIIE CYIIECTBEHHBIM YBEIH-
yeHueM (10 80%) BennunHbl ¥, 10 CPABHEHUIO
¢ ¥, 3a cueT OOJIBILIOrO CHHXKEHHS YaCTOThI Whp.
(Wnp<W1<W,¢), a TarKKe HCYCTaHOBUBIIMMCS Xa-
pakTepoM KoJeOaHUH.

OmnbITHas MpoBepKa Mokaszalia, 4To MpHU 3Ha-
YUTEIHLHOM CONMPOTUBIIEHUHU XOJIOBOW B COYETa-
HHUM C OOJIBIIIMM TTOCTOSIHHBIM TPEHHEM B XOJI0-
BOH, OJIOKMpYIOIIMM YIPYIHH 3JIEMEHT, BO3-
MOXXHBI TapaJOKCAIbHbIEC PE3YIbTAThl MCIIbITA-
Huii Ha crenga «Tech-Testy, KoTOppie MOXKHO
HCTOJKOBATh KaK CJICACTBHE HEIOCTATOYHOIO
raimeHust KojaeOaHuii koyec komOaiiHa. Bo3Hu-
KalOIMid TPU 3TOM «PE30HAHC» COOTBETCTBYET
JacToTe KolleOaHWH, OIpeaensieMol MpeumMy-
IECTBEHHO MACCOM OMOPHOM NJIOIIAJAKA CTEHIA
U JKECTKOCTSIMU TPYXKUHBI CTEHJA U IIMHBI KO-

Jeca:
WCZ ~ V (CC + Cm )mgl .

Takum 00pa3zom, pe3yabTaThl UCCIEIOBAHUN
)41 CpaBHeHHe pvaCTHBIX N OIIBITHBIX JAHHBIX
YKa3BIBaIOT HAa HCOAHO3HAYHOC BJIUSHHUC HC-
VIIPYrOro COMPOTUBJICHUS B KOMOAWHOBOW XO-
JIOBOM Ha IMarHOCTHMYECKHUE MapaMeTphbl CTEH/Ia
tuna «Tech-Testy 11 MpoBEpKU XOTOBOM.

BBIBO/IbI

1. Pa3paboTtan MeTO] aHAIMTHUYECKOTO HC-
CIIEOBAHUs BJIMSHUS HEYIIPYIOro COMPOTHUBIIE-
HUS B XOJIOBOW HA aMIJIMTYIHO-YaCTOTHBIE Xa-
PaKTEpUCTUKU KoJeOaHWH HENOAPEeCCOPEHHOM
Macchl KoMOaifHa ¥ OMOpPHOW TJIOMPAAKA AHa-
THOCTUYECKOTO CTEHJA MpPU YCTAaHOBUBIIEMCS
pexuMme. Pacder kosjeOaTeNbHBIX IMapaMeTpPOB
pean30BaH Ha MPUKIAJHONM KOMIIBIOTEPHOMN
TEXHOJIOTHH.

2. UccienoBadbl komeOaHUs B CHCTEME «XO-
JOBas-CTEHI» Ha MpUMEpe 3epHOYOOPOUYHOIrO
kombaiina u crenaa tumna «Tech-Testy. [Tokaza-
HO, YTO BCIEICTBUE IMHAMHUYECKOTO BO3CH-
CTBUSI MACCHI KOJIECa MCIBITHIBAEMO XOJOBOM U
MaccChl OMOPHOM IUIOHRAAKA CTEHJIA MepeMellie-
HHSl TIOCTEAHEH TPH YacTOTe, COOTBETCTBYIO-
e «pPE30HAHCY» KOJieca, OKAa3bIBAIOTCS TEM
MEHBIIIE, YeM MEHBIIE HEYIPYroe COMpPOTHUBIIE-
HHME B XOJOBOH. B TO ke BpeMs mepeMeleHus
KOJieca MPAKTUYEeCKd HEHM3MEHHBI.

3. JluHaMuueckoe B3aWMOJICHCTBUE MAacChl
KOJIECA HCIBITBIBAEMOW XOJOBOM W  MAacChl
OMOPHOW TUIOHIAJKK JTMHAMUYECKOTO CTEHJIa B
YCJIOBUSIX HEYCTAaHOBMBIIMXCS KoJieOaHUN U B
COYETaHUU €O CABUTOM (ha3bl KoyieOaHUM HCKa-
JKAeT KapTHUHY PE30HAHCOB B CHCTEME «XOJO-
Bas-CTEH» U HE O0EeCreYrMBaeT METPOJIOTHYe-
CKM TOYHOW OIIEHKH HEYIPYroro COMpOTHBIIE-
HUS B XOJIOBOHM C TMIPaBINYECKUMH aMOpPTH3a-
TOpaMH.

4. PazpaboTaHHasi METOJIMKA MCCIICIOBAHUS
nuarHoctudeckoro creHga tuma  «Tech-Test»
JOJDKHA OBIThH JIOTIOJTHEHA MCCIICOBAHNEM BIIH-
SHHST HA THarHOCTHYECKHUE TTapaMeTPhl CUCTEMBI
«XOJIOBas-CTEH I

- 3HaYEHUS HEMOAPECCOPEHHOM MacChl,

- TpeHUus B KoJyieOaTene (MMPUHBI OMIOPHON
MJIOU@/KA) W B 3alUCHIBAIONIEM YCTPOHCTBE
CTEH/Ia,

- )KECTKOCTH MPYKUHBI Koyiebares,

- UHTEHCHUBHOCTH W3MEHEHUS YacTOThl W
caBura ¢asel KoleOaHWi (3aMeUIeHHs Bpallie-
HHSI MaXOBHUKa).

DTO MO3BOJUT TMOMYYUTH OOJee MOIHYIO
nH(opMauio O cnerupuke TUArHOCTUKH XO-
JIOBOM KOMOAITHOBOM XOJOBOM.
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UNIVERSAL CONTROL UNIT
PARAMETERS OF TECHNICAL
CONDITION OF SUSPENSION SYSTEM
OF COMBINE HARVESTER

Summary. In paper the results of research uni-
versal approach to control of technical parame-
ters of driving system of combine harvester.
Dewveloped a method of analytical research of
the effect of inelastic resistance in the chassis on
the amplitude-frequency characteristic fluctua-
tions of the non-sprung mass of the harvester
and support diagnostic platform of the stand at
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steady state. The calculation of the oscillation
parameters is implemented in the application
software product.

Vibrations in the system "running stand” on the
example of a combine harvester and stand type
"Tech-Test". Of the show-but that due to the
dynamic effects of the masses of the wheel sus-
pension and the test mass reference platform
bench movements at a frequency corresponding
to ‘resonance™ wheels are the smaller, the
smaller the inelastic resistance in the chassis. At
the same time, the wheel is practically un-
changed.

The dynamic interaction of mass co-forest test
drive and mass of the dynamic platform of the
stand in the conditions of the transient oscilla-
tion and combined with the phase shift of the
oscillation distorts the picture of resonances in
the system "running stand" and does not provide
a traceable accurate assessment of inelastic re-
sistance in the chassis with hydraulic stabilizer.
The methodology of diagnostic research of the
stand "Tech-Test" must be supplemented by the
research of the influence of the scan parameters
b TEM "running stand" the values of the un-
sprung masses, friction in bends (width of a ref-
erence platform) and the recording device stand,
stiffness of bends, intensity, frequency and the
phase shift of the oscillations (the slow rotation
of the flywheel).

It is possible to obtain more information about
the specifics of the diagnostics of undercarriage
systems of combine harvester.

Key words: universality, block, control, option,
technical condition, suspension system, com-
bine harvester.
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AnHOTauMA. PaccMOTpeHBI COCTOSHHE U
OCHOBHBIE TIpoOJeMbl B YyOOpke xieba w
MPEATIOKEHBI TUTST OTE€YECTBEHHOTO
KOMOAHOCTPOCHHSI OCHOBHBIE KOHCTPYKTHUBHO—

TEXHOJIOTHYCCKAE  XapPaKTEPUCTUKU  0a30BBIX
MOJIeNield  TEPCIEeKTUBHBIX  3ePHOYOOPOUYHBIX
KOMOAifHOB ~ MaJioi, CpenHeil, BBICOKOM H
CBEPXBBICOKOI MPOU3BOAUTEILHOCTH Cc
MPOITYCKHBIMHU CIIOCOOHOCTSIMHU
cooTBeTrcTBeHHO: 1,5-3 «kr/lc, 3-6 KrI/c,
6-15 xr/c, 15-25 Kr/c TEXHOJIOIMYECKOIO
MaTepuarna.

JroboMy MalMHOCTPOUTEIBLHOMY 3aBOJY
HKOHOMMYECKU L€1eCO00pa3sHO M3rOTaBIMBATh
yeTelpe 0a30Bble MOJEIU 3€PHOYOOPOUHBIX
KOMOAHOB C MPOIYCKHBIMH CIIOCOOHOCTSIMU:

15-3 «kr/ec, 3-6 «xr/c u 15-25 «xr/c
TEXHOJIOTHYECKOTO MaTepuaia 51 c
mapaMeTpamMH, TPHBEJACHHBIMH B TaOJHIIC.

OcHOBHasi W3 HHUX MOJEIb C MPOIYCKHOH
CIIOCOOHOCTEBIO 6-15 Kr/c, oO1mas
TEXHOJIOTUYECKask MOTPEOHOCTh B HEH YKpauHbI
— 115 TEIC. enuHMII.

CeNbCKOX03SIHCTBEHHOE MIPOU3BOJICTBO
YKpauHbl JODKCH €XKEroJHO OOJIbIIHME YOBITKH,
CBSI3AHHBIE C HECBOEBPEMEHHBIM  COOpOM
ypoxasi, BBI3BAaHHBIM HEXBATKOM
3epHOYOOpPOUYHBIX KOMOAWHOB, W MHOTHMH
HEJOCTaTKAMH KOHCTPYKIIMH O3TUX MAlMH U
croco6oB yOOpKH ypoxKasi. [Tpuuewm,

UCIIONIb30BAaHUE  KOMOAHOB  3apyOeKHOTro
IPOM3BOJACTBA HE  pemlaeT HHU  OJIHOIO
MPOTUBOPEUHS YIIOMSIHYTOU MPOOIIEMBI.
[Ipob6nema YIy4dIIeHUs KauecTBa,
9KOHOMHYHOCTH " 9KOJIOTHYHOCTH
KOMOaiiHOBOHM YOOpKM ObLIa M OCTAeTCsl BO BCEM
MHPE HEPELICHHON U CaMOM CJIIOKHOM.
KioueBble cjI0Ba: MOJEMHUKa, CTPaTeTHd,
yoopKa x1e00B, 3epHOYOOPOUYHBIN KOMOAIH.

I[TOCTAHOBKA ITPOBJIEMbI

XapakTepHbIM B MPOU3BOACTBE 3€pHA
SBIISIETCS. TO, YTO COOp ypoXas 3epHOBBIX
KyIbTYp ~ OcTaercsi  Hamboiee  3aTpaTHOM
TEXHOJIOTHYECKOW  omepauuerd B  MpoLecce
BBIpAllMBAaHUs 3€pHA B JIO0OW CTpaHe, a C
ydeToM cOopa HE3epHOBOW YacTH ypokas
3aTpaTbl CpeICTB, TPyla W DHEPIUM B JABA U
0oJiee pa3 MPEBBIITAIOT 3aTPaThl HA BHITIOTHEHUE
BCEX JIPYTMX  OIEpaluii, CBSI3aHHBIX C
npou3BoaCTBOM 3epHa [1]. U 3o emme He Bce.

[Ipou3BOACTBO 3epHAa BO BCEM MHUPE CTAJIO
HC TOJIBKO OO0POruM, HO W HIPUHOUIIHUAIBHO
MOPOYHBIM, IOTOMY YTO Oa3upyercs, INaBHBIM
o0pa3oM Ha YpPe3MEPHOM HCIOJIb30BAHUH
OTPaHHUYEHHBIX PUPOTHBIX PECYPCOB (UEPHOTO
U IBETHBIX METAJJIOB, JHEPrOHOCHUTENEH U
CMAa304YHBbIX u MacCJIAHBbIX MaTcprajioB
HedrsaHOrO IIPOUCXOKICHHUS, razoBoro
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SHEPrOHOCUTEINS, YIS, XMMUYECKHX BEIIECTB,
ryMyca TOYBBI, MHHEPATbHBIX YIOOpEHHUI,
MIPECHON BOJBI, MOJUMEPOB, KaydyKa U KpPaCOK,
SAOXMMUKATOB, MPOU3BOACTBO KOTOPBIX HE
TOJIBKO PacxXoJHOE€, HO U OMAacHO JUIsl 340POBbSA
JOJIeH, TPYIOBBIX PECYPCOB M TOMY MO00HOE)
[2]. Bmecte ¢ oTUM mOYTH B KaKIOM
rOCYAapCTBY 3€pPHO CYHMTAIOT CTPaTeruyecKou
IUIIEBOM  CBIPEM, C KOTOPOHW  CBSI3aHBI
MPOU3BOACTBO OCHOBHBIX MPOIYKTOB MUTAHUS
JIOJEM M DKOHOMHKA CEJIbCKOIO XO35MCTBA M
numeBoi  mpombinuienHoctr  [3]. Takoe
MPOTHUBOpEUHE B MIPOU3BOJICTBE
MPO/IOBOJILCTBUS SIBJISIETCS. TPU3HAKOM HOBOM
001eMupoBOH npoOJieMbl  YeJIOBEUECTBa,
MOTOMY YTO MOTPeOHOCTh B 3epHE HEYKIOHHO

pacrert [4].
Bo BCEM MHpe JIOMUHUPYIOIIEH
TEXHOIIOTUEH  YOOpKM  ypoKas  3€pHOBBIX,

KYKYpY3bl, TOJICOJTHEUHNKA, CEMEHHUKOB TPaB U
UM TOJ00HBIX KyJIbTYp SIBJISCTCSI KOMOAlHOBASI.
Bce BapuaHTBI TEXHONOTHH KOMOAWHOBOM
yOOpPKA  3EpPHOBBIX  OTJIMYAIOTCSA  TOJBKO
criocobamMu cbopa COJIOMBI M PasHOOOpazuemM
KOHCTPYKIUH KOMOaiiHOB.

AHAJIN3 ITOCJIEJHUX I/ICC‘JJIEIIOBAHI/H\/'I
N ITYBJIMKALIN

[IpyHOMTIHAIBHO KOMOAWHOBOW €CTh |
TEXHOJIOTUsI ¢ 00YEeCHIBaHWS 3epHA Ha KOPHIO.
OHa BOCIpUHUMAETCSA HE AIBTEPHATUBOMN
OTHOCHUTENLHO TPaAUITMOHHOTO
KOMOalHUpOBaHUs XI€0OB, a KaK BO3MOXKHBIM
BAapUAHTOM TIPH  OINPEIACICHHBIX  YCIOBHSX

yOOpKH 3€pPHOBBIX KyJIbTYp [5].

B IIOUCKAX IIyTeu YIy4lICH U
SKOHOMHUYHOCTH MPOM3BOJICTBA 3epHa
M300peTeHo JIECSITKA aJIbTEPHATUBHBIX
croco00B, OCHOBHBIE M3 KOTOPBIX MPOBEPEHBI
BO MHOrux crtpaHax wMupa (YkpauHa,
Kazaxcran, UYexus, IlBenus, Ounmgagus,
['epmanus, ABcTpanus, Poccus,).

AJIIbTEpHATUBHBIE TEXHOJOTMH U TEXHUYECKHE
CpeAcTBa HEKOMOAalfHOBOTO YOOpPKH 3€pHOBBIX
KyJbTYp (“rpexdasznas’, “HeBeiiHas”,
“Ka3axCcKuii” ¢ 0OMOJIOTOM M3 CTOTOB Ha Kparo
1oJIs, “pYIOHHO-IIAKOBBIE” U MHOIO APYIUX C
00paboTKoit BCETO W 4acTH
TEXHOJOTMYECKOIr0 MaTepuana Ha CTallMOHape,
B T.4. C JO CYHUKOH ero 10 o0paOOTKH) HE
BBIJICPKAIN KOHKYPEHI[MH C COBPEMEHHBIMU

TEXHOJIOTH MU KOMOaHHOBOTO obmoJtoTa
ypoXxasi 3€pHOBBIX M UM MOAOOHBIX KYIBTYP.
[Touck aibTEepHATUBHBIX TEXHOJOTUM MOYTH
MpeKpaTHiICsa, HO K HUM OyIyT BO3BpAIATHCS,
[0 KpalHEeHd Mepe, IIOTOMY, 4YTO HE€ BCE
W3BECTHBIC U3 HUX JOCTATOYHO MPOBEPEHHBIC B
MPOU3BOJICTBE, HANMPUMEpP <JICHTOYHAs» U
apyrue [6]. Moryr TOSBUTBCS U HOBBIC
M300pETCHUST U  MEXaHUKO-TEXHOJOTUUYECKUE
OCHOBBI [UISl pealu3aliu  aJlbTEPHATHUBHBIX
TEXHOJIOTU yOopku xi1e0oB [7].

OnHako B MEPCIEKTHBE, MO KpalHEW mepe
10 2030 1., MO)KHO CUMTaTh, YTO TPATUIIMOHHAS
KOMOalfHOBasi TEXHOJIOTUSI camas TMpOCTas H
NPUHIUTHATIFHO camasi TIPOTPecCHBHAas U3
U3BECTHBIX, TaK Kak MO3BOJSET MOJy4aTh Ha

rosje MIPOJTYKT (x1e0),  ymoOHbII B
TPaHCIOPTHPOBKE u mocieyoopouHoOn
obpabotke [8].

[ToaTomy CIIELIM AU CTHI BCEX
KOMOQHOCTPOUTETLHBIX dbupm MUpa,

arpoTEXHUYECKON HAaykl U COOTBETCTBYIOIIMX
KOHCTPYKTOPCKUX  OpTaHW3allUid  CTPEMSTCS
COBEPIICHCTBOBATH 3epHOYOOpOUHBIE
komOaiinbl [9]. Tloutn kaxmeie 2 roga (UPMbI
BBICTABJISIOT Ha MPOAAXy HOBBIC MOJCIH ITHUX
mammH [10].

[lo mpomyckHOW CIOCOOHOCTH MOJIOTHIIOK
3apyOeKHbIEe (UPMBI TIPOU3BOIAT KOMOAMHBI
NIMPOKOTO Juamna3oHa kiaccoB (oT 1 kr/c mo
15 kr/c), HO B TIpenenax OJJHOTO CEeMeWCcTBa, YTO
UMeeT OJHY YHHQUIIMpOBaHHYIO (0a30BYIO)
MoJI0THIIKY [11]. Psin dmpM M3roTaBIMBarOT ABE

MOJIENIN KOMOAaiiHOB. D10 O3UTUBHOE
MOJIOKEHUE B KOMOAHHOCTPOHUTEIBCTBE YUTCHBI
u YCHJICHHO npu pa3paboTke

XapaKTePUCTUYECKUX MOJEIIEN OTEYECTBEHHBIX
3epHOYOOPOYHBIX KOMOAMHOB, MOTOMY YTO 3TO
MOBBIIIACT YPOBEHb YHU(PUKAIIUH KOMOAITHOB B

npenenax OJIHOTO CEMEICTBA, 4TO
KOHOMHYECKH orpaBzano [12, 13].
W3noxeHnnoe HE O3HaYaer, 9TO
KOMOAHOBBIE  TEXHOJOTHH  HE  HMMEIOT
CYIICCTBEHHBIX  HemocrtatkoB  [14,  15].

TpanuunonHoM KoMOaliHOBOM YOOpke x1eOoB
MPUCYIIM TaKUe MOPOKH, KOTOPBIC Y)KE CErOHs
BBI3BIBAIOT y 3€MJICHCIIBIEB OCCIIOKOHCTBO |
Jajiplie MpHoOpeTaroT HenepeHocuMocty [16].

OaHMM W3  OCHOBHBIX  HEIOCTaTKOB
TPAJUIMOHHBIX  KOMOAWHOBBIX  TEXHOJIOTHIA
yOOpKH 3EPHOBBIX KYJIBTYp SIBJISICTCS TO, YTO
OOMOJIOT ¥ BBIBO3 YpOXKas C TMOJII MOXKET
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OTHOCUTEJIBHO TIOJIEMUKU T10 CTPATEIMM TEXHUYECKOM TTOJIMTUKU
B OBECIIEYEHUN YBOPKU XJIEBOB B YKPAMHE OTEHECTBEHHBIMU
3EPHOYBOPOYHBIMHU KOMBAMHAMMU

HAUMHATBCS HE B TMEPHOJ MAaKCHMAaJIbHOTO
KOJMYECTBA M JIy4Ilero KayecTBa 3€pHAa, a
TOJIBKO TOorja korza npouzer 5—10 nHei mocie
MaKCHMyMa HAaKOIUIEHUS CYXOTO BeIIeCTBa B
3epHE MpU CpaBHHUTEIbHO HH3KOH (14-18%)
BJIQKHOCTH TEXHOJOTMYECKOH Macchl, Korja
3aKOHYHUTCS KU3HEHHAs JeSATEIIEHOCTh
pacteHud, TO ecTb B  nepuox  0Oe3
3AIMIIEHHOCTH ypokas ~ OT  BPEIHOTO
BO3JCHCTBUSI BHEIIHEW cpeapl (COTHEYHOU
panuanuu, I0XAeH, B TOM 4YMCIEe KUCIOTHBIX,
rpana, TYMaHOB, BETpA, epeMEeHHBIX
TeMIepaTyp u BIIQXKHOCTH BO3/yXa,
BpenuTened, Oone3Hel, COpHSKOB, U TOMY
nonobHoe) [17]. BausHue »3Tux Qaxropos
CHW)KAaeT YpOXKail M €ro KadecTBO emle JI0
o0MOJIOTa, HAuyMHAasg C CEPeAMHBl CTaIUH
BOCKOBOH CITEJIOCTH 3€pHa M TPOJOJKACTCS B
peanbHbIX ycnoBusix 10-25 nHel B mepuon
yoopku ypoxkast [18]. Kaxnpiii neHb 3a1epKKu ¢
00MOJIOTOM 3epHa NMPUBOAMUT K 3HAUYUTEIHbHBIM
notepsm (0,5-1,5%) naxe npu HOPMaIbHBIX
YCIIOBUSIX KaTBbl, a MpPU HEOJArompHsTHBIX —
NOTepH 3€pHA MW YXYIAIIEHHWE €ro KadecTBa
Moryr ObITh KatacTpoduueckumu [19, 20].
[TosTomMy cBoeBpeMeHHOE cOopa ypoxkas (Ha
MPOTSKEHU U JBYX-TpeX JHEen ocle
JOCTH)KEHUS CHEINOCTH U TEXHOJIOTHYECKH
OJaronpHuATHON BIAXKHOCTH) MMEET pelatolee
3HAYeHHE I cOOopa BBICOKOKAYECTBEHHOTO
3¢pHa M YyMEHBIIEHUE €ro IOoTeph M, Kak
CJIeZICTBHE, PUOBLTH OT ero peanusanuu [21].
He 3psi BBICOKOE KadyecTBO 3€pHA CUUTAIOT
COpasMEpHBIM 110 ILIEHE C I[€HOW HMEIOLIETocs
ypo’Kasi, TO €CTh BTOPBIM ypoxaeM [22].

[NIOCTAHOBKA 3ATIAYN

Llens pabOTHI 3aKITIOYAETCS] B YCTAHOBIICHUT
OCHOBHBIX 3aKOHOMEPHOCTEH OTHOCHTEIHEHO
MOJIEMUKA  TIO0  CTPATeTUHd  TEXHHUYECKOM
MOJUTUKA B oOecriedeHuu YOOpKH XieOoB B
YKpanHe OTE€YECTBEHHBIMHU 3€pPHOYOOPOUHBIMH
KoMOaitHaMHu.

N3JIOKEHME OCHOBHOTI'O MATEPUAJIA

B 3apy0exunoit npaktuke 3amanHoi EBporsr
JIOCTHTAIOT 3TOro 3a c4eT Hebosbmoro (60-80
ra) Ce30HHOM Harpy3ku Ha 3epHOYOOpPOUHBIN
komOaitH.  [lpuuem,  OGompIIIM  CIIPOCOM

TIOJIB3YIOTCS KOMOaHBI MOBBIIEHHOMN
npousBoauTenbHOCTH (13-18 T 3epHa u Gosee 3a
gac). MHOro u Jpyrux mnpoOiieM, MNPUCYIIX
KOMOaitHOBOM coopy, MIPOSIBIISTIOIIAECS,
HarpuMep, B TAKUX IPOTUBOPEUHUSIX.

Bo-mepBbIX, MOBBIIIEHHE TEXHUUYECKOTO
YPOBHS  KOMOAaWHOB  YBEIMYHMBACT  €rO
ce0ecToMMOCTh (M IIeHY), YTO B CBOIO O4Yepeib
YBEIMYMBAET CTOUMOCTb cOOpa yposKasi, TO €CTh
BBICOKMU TEXHHYECKUI YpPOBEHb KOMOaiiHa He
COBMECTHM C JICIIEBBIM 0OMOJIOTOM 3€pHa.

Bo-BTOprIX, TpH  CBOEBpeMEHHOM (B
JydIlIM€ arpocTpoKd) OOMOJIOTE 3€pHa B
XO3SMCTBE CPOK  MCIOJB30BAHUS  JOPOTHX
KOMOAaliHOB ~PE3KO COKpal@ercsi, O0COOEHHO
BBICOKOTIPOM3BOIUTEIEHBIX KOMOAWHOB, 4TO
TaloKe IMOBBIIIAET CEOECTOMMOCTh YOOPOUHBIX
pabor.

Tperbe mpoTHBOpEUHE 3aKIIOYAETCS B TOM,
YTO pa3OpachlBaHME HE3EPHOBOW YaCTH ypoKas

o IOJII0, a TakKKEC BaJKoOBasd MW BaJIKOBO-
ImpeccoBas TECXHOJIOT'NH }’60pKI/I COJIOMBI
ABJIFOTCA  HauXyAUIMMKU € TOYKU  3pPCHUA

ArpOTCXHUKU 3CMJIICACIINSA WU 3KOHOMHUKHU, HO B
3apyOe)KHOW MPAKTUKE MMPOKO HCIOIB3YETCS

M, K COX@JICHHUIO, PACIPOCTPAHAIOTCA B
Ykpaune. MuHoro U  gpyrux — mpoOiem,
CBSA3aHHBIX  C  MEPEyIJIOTHEHUE  IOYBBI

yOOPOUYHBIMH MalllMHAMU, ¢ TTOTEPsAMH (110 5% u
0osiee) W TOBPEKICHUEM 3€pHA, KaK >KUBOU
matepuu, K 45-75% u Gornee ¢ yueToM MHUKPO
MOBPEKIACHUM, €  3arpsA3HEHUEM  IIOJIEH
CEMEHaMHU COPHSAKOB H PENPOIyKTUBHBIMHU
opranamMu OoJie3HEW pacTeHUi, C 3arps3HEHUEM

OKpYXKAarolleld  cpeabl  HE  TOJbKO  IpPH
SKCILTyaTalld¥ KOMOailHOB, HO MW TIpU HX
W3rOTOBJICHUH. B 3TOM acIleKTe
3epHOYOOpPOUYHBI ~ KOMOAH  JKOJOTHYECKH
TpsA3HAs U3 BCEX CEJIbXO3MAIIMH.

Yerseproe, COBPEMEHHOE COCTOSIHME
pa3sBUTUSA KOHCTPYKLIMHI KOMOaifHOB

Ype3BbIYaliHO BBICOK BO BCEM MHPE, HO U OH HE
IIO3BOJISIET B MEPCHEKTUBE (110 KpalilHEN Mepe B
CIIeIyIOIIHE 15-17 JeT) YIy4IIUTh
SKOHOMMYHOCTb ITPOM3BOJICTBA 3€pHA U YOOPKH

HE3EpPHOBOM 4YacTU ypoXKas, IOTOMY YTO
W3BECTHBI BO3MOXKHOCTH DJTOTO TTPAKTHYECKH
HCUYepIIaHbI. [losBieHME HOBBIX
BBICOKOTTPOU3BOIUTEIBHBIX 3apyOeKHBIX
koMOaitHOB, Hanpumep ‘“Mera”, ‘“Jlekcuon”,
“Menuon”, “Opuon”, “Macceii Depriocon”,
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“Iokon  Hup”, ‘“JlaBepma”, “Axpoc”, “Apkyc”,
“TykaHO” M JPYTMX C BBICOKMM TEXHUYECKUM
YPOBHEM HE YAY4IIAlOT, a HA00OPOT YXYIUAIOT
HE TOJBKO 3KOHOMHYHOCTH YOOPKH 3€pHOBBIX,
HO U KyIbTypy 3€MJEAEIHs, CHHU3UIACh 3a
MoCJeHue TONBl /IO  KaTacTPOQPHIECKOTO
ypoBHs. He ymydmaercss kauecTBO yOOpKH
x71€00B. PasperieHHbIe arpoycioBUsIMU MOTEPH
3epa 3a wmomotmwikon (1,5 %) ocraroTcs
Heu3MeHHBIMHU 0ojee 50 1eT, XOTS TEXHHUYECKU I
YPOBEHb HUX HEU3MEPUMO BBIPOC, a II€Ha
KOMOallHOB  yBelIMUYMJIOCH ©Oojiee 4YeM Ha
MOPSIIOK.

Ilpy cpaBHUTENBHO BBICOKOM TEXHUYECKOM
YpOBHE COBPEMEHHBIX 3epHOYOOpPOUHBIX
KOMOallHOB B BOIpOCax MPOU3BOJUTEIBHOCTH,

yaoOCTBa  OKCIUTyaTalluW, HAJACKHOCTH B
pabore, xomdopTa YCIOBUNW M 0OE30MaCHOCTH
Tpyna oreparopa, YIAETBEHOTO
HHEPrOHACUILICHHOCTH TEXHOJIOTUYECKOTO

mpolecca, ajanTaluu K YOOpKe pa3IMuYHBIX
KyJIbTYp, YPOBEHb IIOTEPh M IOBPEXKACHUS
3epHa OCTaroTCsA HEN3MEHHBIMU u
HEYIOBJIETBOPUTEILHBIMH. Jt10
CBUJIETENICTBYET O JOJTOCPOYHBIM 3acTOil B
MO3UTUBHOM  Pa3BUTHUU  TEXHOJIOTMYECKUX
IPOLECCOB M pabOYMX OPraHOB COBPEMEHHBIX
3epHOYOOPOUYHBIX KOMOAHOB IOOBIX GUPM U
MPUHLIHUIUATBHBIX CXeM MOJIOTHJIBHO-
CeMapupyloLMX YCTPOMCTB  (KIACCUYECKUM,
aKCUaJIbHO-POTOPHBIM M MX KOMOMHAITU).

B mnorone 3a cObITOM 3epHOYOOPOUHBIX
KOMOaiiHOB ux HaCBIL@AIOT MHOTUMU
“ykpameHusaMu” Mao3(hpeKTHBHBIMU u
HelenecooOpa3HbIMM,  BKIIOYAs  YPE3MEPHO
POCKOLIHBINA UHTEPHEP U YCIOKHEHHBIN JU3aliH,
BO3MOXXHOCTb  IIOJYYEHHUSI TEXHOJOTHMYECKOU
COBETHl M KapTorpadgus ImoJii C IOMOUIBIO
OOpTOBOrO  KOMIBIOTEpa U  INPUEMHHKA,
KOTOPBIM B3aMMOJEHCTBYET C KOMIIBIOTEPOM
HCKYCCTBEHHBIX CIIyTHMKOB 3eMJId. Bwmecto
pEIIEHUs] BOIPOCOB  MOBBIIIEHUS KAauyecTBa
paboTel KoMmOaiiHa, YMEHBIICHHE HETaTUBHOTO
BO3JCHCTBUS Ha MOYBY U OKPYXKAIOLIYIO CPELy,
a TaKKe YMEHBIICHHS ero ce0ecTOMMOCTH,

MOBBIIICHNE  YPOBHSI YHHBEpCAJIM3AaLUU U
yHU(UKAMK,  KOHCTPYKTOPHI  YBJIEKAIOTCA
JIECSITKAMU KOHTPOJINPYIOLUMX u
uHpopMUpyIOIMX  OpubOpOB, TOrAa  Kak

KOMOAiHBI HE 3alMIICHbl OT pa3pyIICHUS
CTOPOHHUMH TMpEJAMETaMH, KOTOPbIE MOMaal0T
B €r0 MOJIOTHJIBHO-CETMapupYyOIIee yCTPOUCTBA.

He aBTOMAaTU3UPYKOTCS peryaupoBaHus
MOJIOTUJIKM KOMOaliHa Ha MMHUMYM YAEIbHBIX
3aTpaT »dHEPrMM Ha HaMOJIOT 3€pHa, Ha
MHHUMYM IIOTEPb YypOXKas B  YCIIOBHSX
HEIPEPBIBHO U3MEHSIOTCH.

Hrak, o0000m@s1 MU3I0KEHHOE, MOXKHO
yrBepkaaTh, uto ‘TIpobmema  ymydimeHus
Ka4eCTBa, 3KOHOMMYHOCTH M 3KOJIOTMYHOCTH
KoMOaliHOBOW  yOOpkm  Xie0oB” OblIa |
OCTaeTCs BO BCEM MHUpPE HEPEUIEHHOW U CaMOM
CJIOKHOH.

VYkpanHa — ofHa U3 HE MHOTHX (B JECATKE)
CTpaH MHUpa, CIOCOOHBIX MPOU3BOJIUTH CBBIIIE
1000 xr 3epHa Ha OJHOTO YEJIOBEKAa HACEIEHUS
1 ObITb OJJHUM W3 OCHOBHBIX €TI0 MOCTABIIMKOB
B mupe Hapsny ¢ CIIA, Kananoii, ABcTpanuei,
®panuuei, Pymbiaunen U JpyrumMu
rocyzapcTBamMu. JTO BakKHEE€ W3 apryMEHTOB B
000CHOBAaHUM HEOOXOIMMOCTH HMMETh IOJIHYIO
TEXHUYECKYI0 HE3aBUCHUMOCTb YKpPauHbl OT
KOHKYPEHTOB Ha MHUPOBOM pBIHKE 3€pHa, CIIPOC
Ha KOTOpOE€ IIOCTOSHHO pacTer. OJTO H
pelaolee ycJaoBUE IPOU3BOACTBA JIEIIEBOIO
x1eba B TocygapcTBE U OCHOBa €€
MIPOJIOBOJILCTBEHHOM 0€301acHOCTH.

Bmecte ¢ sTMM MusepHbIi M ydorui 1o
HEBBIHOCUMOCTH UMEIOIM I CA apK
3epHOYOOPOUHBIX KOMOaiiHOB CTpaHbI
BKJIIOYAET TOYTH M3HOIIEHHBIE M MOPAJIBHO
yCTapeBIIME MAalMHBI, KOJIMYECTBO KOTOPBIX
OK0JIO 45 ThIC. €IUMHHUI] IIPU TEXHOJIOTMUYECKON
notpedbroctu 150 ThIC. €TUHUIL pa3HBIX KITACCOB
nponyckHoi cnocobHoctu (ot 1,5 xr/c mo 25

Kr/C).
Yactp koMOailHOB, KOTOpbHIE e€Ie HE
otpaboTanu aMOPTHU3AIL[MOHHOTO CpoKa

SKCIUTyaTalluM yMEHbIMIach A0 18-20 ThIC.
eIUHHI. IJTOo coctaBager mumb 12-13% ot
TEXHOJIOTUYECKOH  MOTPEOHOCTM B ITHX
ManmHax. ExerogHoe crnucanue KOMOallHOB B
VYKkpaniHe B HECKOJIIBKO pa3 IMpEBBIIIAET HX
MOCTaBKM B CEIbXO3MPOU3BOACTBO. HexBaTka
KOMOailHOB 3acTaBJs€T MOBBIIIATH CE30HHAS
Harpy3ka Ha OJIHy MallMHYy, KOTOpPOE€ B IOJIEChE
npesbimaer 220 ra, B necoctenu pocruraer 300
ra, a B CTEMHOW 30HE BhIXoJa 3a mpenensl 400
ra. 9To JeIaeT HEBO3MOXHBIM CBOEBPEMEHHOE
yOOpKH XJ1€00B.

[Ipu TakoM TexHUYECKOM OOecrnedeHUn
yOOpPKH 3€pHOBBIX KyJIbTYp, KOIJa MOYTH HET
aMOPTU3ALUOHHBIX OTYUCICHUH OT YOOpPOUHOMU
TEXHUKH, TTPEUMYILIECTBEHHO MPOU3BEICHHON B
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COBETCKOE  BpeMs, Cce0ecTOMMOCTh  3€pHa
CpPaBHUTENBHO Mayia. Eciu ke mapk KoMOaitHOB
OyIeT MOMONHATHCS COBPEMEHHBIMU JTIOPOTUMU
MallMHaMH  WHOCTPAaHHOTO  TPOM3BOJICTBA,
ce0ecTOMMOCTh 3epHa YBEIMYUTCS B HECKOJIBKO
pa3. Bmecte ¢ 3TUM yBenuuaTcsl II€HBI Ha BCE
MNpOAOBOJIBCTBCHHBIC MPOAYKTBHI, CBA3AHHBIC C
HCIIO0JIb30BAHUEM 3€pHA, YTO MOXKET NMPUBECTH K
COLIMAJIBHOMY IIOTPSACEHUIO.

Hexsarka yOOpOYHO# TEXHUKHA u
HKCILTyaTalMs MOYTH U3HOIIEHHBIX MOPAJILHO U
(GU3HYeCKH YCTapeBIIMX MAaIlMH TPUBOIUT B

YI(paI/IHe K MHOTHUX HEOIOCTAaTKOB
HKOHOMHYECKOTO U SKOJIIOTUYECKOTO ACIEKTOB.
HecBoeBpemennsiii  cObop  ypoxass ceiuac

IPUBOJIUT HE TOJBKO K MOTEPSIM OKOJIO 8 MITH.
TOHH 3€pHAa, CTOMMOCTb KOTOPOTO IPEBBIIIAET
crouMocts  7-10  TBIC.  3epHOYOOPOYHBIX
KOMOaifHOB KiaccoB 6-9 «kr/c. Ilpu »stom
HEYKIIOHHO YXY/IAeTCS KayecTBO 3€pHAa M, Kak
CIIEJICTBUE, CYILIIECTBEHHO YMEHBIIACTCS
OpuOBLIL OT €ro peaiausanuu. YpesmMepHo
pacrpoCTpaHsIOTCSl  BpeAUTeNH,  OOJE3HU
pacTeHUd u COpHSKH, OOpbda C KOTOPBIMH
cTaja CIIOKHOW HaIMOHAJIBLHON TPOOIeMOi,
MHOT03aTPaTHON B €€ PEeleHUHU U 3KOJIOTHYECKH
onmacHoM. OOMOJIOT  3acCOpPEeHHBIX  XJIeOOB
BBINIOJIHAETCSI ¢ MOTEPSMU ypoxkas B 3-5 pas
OotbIe paspereHHbIX HCXOJTHBIMU
TpeOOBaHMSIMH Ha  KOMOaWHBI.  3agepikka
yOOpKH XJIEOOB MPUBOIUT K OOJIBIIMM MOTEPSIM
OPOAYKTUBHON Biaru, OCOOCHHO Ha Iore
YKpauHbl, 4YTO  yMEHBIIAET YypOXKal B
cinenytorieM roay. ChumkoM 00e3BOXKEHHast
MOBEPXHOCTh  TOJSL  Xy)Ke U TpyIHee
00pabaTbIBaeTCsl, YTO TAKKE MMEET HETaTUBHBIE
MOCJIEICTBUSL B PAa3BUTHM PAacTEHUH, 3aTpaTax
sHeprun (6ompme Ha 20-30%) w wu3HOCA
paboyux  OpraHoB  IMMOYBOOOPAOATHIBAIOIIX
MalliH M TPakTopoB. BoT moyemy B cTpaHax
3armagHoOM  EBpombl  CE30HHAs  Harpyska
KoMOaifHa Ha YOOpKE paHHHX 3€PHOBBIX
cocraBisger 60-75 ra, 4TOo [0 MHMHUMyMa
COKpAIAeT CPOKH YOOPKH M M30aBJIIET XO35€B
oT YIIOMSIHYTBIX BBIIIE HEraTUBHBIX
MOCJIEICTBUI  HECBOEBPEMEHHOIO  00MOJIOTa
x71e00B. DTO TakKe YMEHBIIAET HETaTUBHOE
BIIMSIHUE HEIOT0/Ibl B IEPHO]] YOOPKU 3ePHOBBIX
KynbTyp. OOpa3HO ToBOpsi, MPU TAaKOW Harpyske
Ha KOMOaliH, TEXHOJIOTHsS OOMOJIOTa Ypo’Kas
CTaHOBUTCS BCEMOTOTHOM, NOO Bceraa HalIyTcs

KpaTKOBpeMEHHbIE “OKkHA” B TMOroje Jjs
yOOpKH.

TexHoNMOrMYeckn HEOOXOIUMOE KOJIHUYESCTBO
3epHOYOOpPOYHBIX  KOMOaWHOB  (BCero IO
pasHbIM Kraccam) 150 TBIC. €OWHHIL, WX

OCHOBHBIE IapaMETpbl, THUMNAX M CTPYKTypa
rmapka TOAPOOHO TMPENCTaBIIEHHl HaMH B
nyoaukanusx [1-5].

YuuThIBasi CETOAHSIIHION HEOOXOJUMOCTb
eXKeroaHou 3akynku 14-16 TeIC. KOMOAWHOB C
1enplo GOpMHUpPOBAHUS 3a cieayonme 15 jer
TEXHOJIOTUYECKH HEOOXOIMMOro KOJIMYECTBA MX
JUIS CBOEBPEMEHHOW YOOpKHM XJIe0O0B, HYXHO
OT/JaBaTh €XEroJHo 10 29 MIIH. TOHH 3epHa (3a
peHTa0eIbHOCTRIO ero mpou3BojacTBa — 30%)
Jla’ke MPU CPaBHUTEIBHO JCIIEBbIE POCCUMCKHE
KOMOaliHBI, a 3a Apyrue, u3 3anaaHoi EBporibl u
CHIA — moutu Bech TOJOBOM ypoxkail 3epHa.
[Ipu sTOoM He yuTeHa omJjaTa TEXHUYECKOTO
cepBuca. JTO K€ €KEroJHOE U IOKU3HEHHO
yOBITOYHOE BO3MEUICHUS qy)Ke3eMIaM
OpuUOBIIM  OT  HCIOJB30BAHUSI  MOJIOBUHBI
IIaXOTHOM 3€MJIM YKpauHbl U COJEUCTBHE
BBICOKOMY YpOBHIO 0e3paboTHIBI B YKpauHe.
[losTomy yOOpKy 3epHOBBIX KylbTyp, Ha
KOTOpOE NMPUXOAMUTCS MOYTH IOJOBHHA 3aTpart,
CBSI3aHHBIX C MIPOM3BOACTBOM 3€pHA, BBHITOJHEE
¢ 000 TOYKM 3pEHUsI JIeJaTh OTEUYEeCTBEHHOMN
TEXHUKOW. MOXHO gaxke yTrBep:KAaTb 4TO
aJIbTEPHATUBbl OTEYECTBEHHOMY IPOU3BOJCTBY
3epHOYOOPOYHBIX KOMOAHOB HET.

Onnako B 9TOM BOIIpOCe JOJDKHA OBITH
ycTOWUYNBA TEXHUYECKas MOJIUTHKA
KoMOaitHOCTpouTenbHass  obnmactu. MmeHHO
nodtoMy B 1993 rony no muunumaruse HHI]
«WMDBCX», Obuta pazpaboTaHa COBMECTHO C
I'TI Kb «OxHO0e» 1 IpyruMu yUpeKICHUAMHU U
IIPOU3BOJCTBEHHBIMU MPEANPUATUIMHA
rocynapctBeHHass «lleneBas moxmporpamma
CO3/laHUsI W OpraHM3alluy IPOM3BOJACTBA B
YKpanHe KOMIJIEKCa MallMH U O0OpYyHIOBaHMS
JUIsl  YOOPKH, TOCIEyOOPOYHOU JOpadOTKH W
XpaHEHMS 36pHA U HE3EPHOBOM YacCTH YpOrKash.

CornacHo ¢ 3TOH NMPOTrpaMMOil U HayYHBIM

CONIPOBOKJICHUEM HHI], UMD CX»
CTapTOBAJIO BO3pOXKICHUE
KOMOAlHOCTPOUTENIBHON OTpaciu B YKpauHe, B
KOTOPYIO BOIIUTH I1O «XepCOHCKUM
KOMOalHHOBBIN 3aBOIY, KOHILIEpH

«ABTOILITAMID» (r. Anexcanapus), «HOXHBIH
MalMHOCTPOUTENbHBIN 3aBox» (T. [laBnorpan),
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3apoa uM. MansimeBa (M. XapekoB), ATEK (.

KueB), «Jlo30BCkuii MalMHOCTPOUTENBHBIN
3aBoA. Bsto, HO Ha4yaloCch INPOU3BOACTBO
OTE4YECTBEHHBIX KOMOaiiHOB K3C-9

«CnaByruu» u «Jlan» (r. Anexcanapusi).

JInisi yCKOpeHUsl CO3JaHHsl M OpTraHU3alluu
MPOU3BOJACTBA OTEYECTBEHHBIX
3epHOYOOPOUYHBIX KoMOaitHOB Kabuner
MUHHCTPOB MOCTaHOBJIEHUEM OT 17 mas 1996 r.
No 538 mnocranoBun: «Omnpenenuts ['Kb
«Oxnoe (r. [lHempomeTpoBCK) IJIaBHBIM
pa3pabOTIYMKOM 3EpHOYOOPOUYHBIX KOMOAWHOB,
OAO «XepcoHckre KoMOaiHBD (T. XEpCoH) —
[JaBHBIM ~ H3TOTOBHUTENIEM  3E€PHOYOOPOUYHBIX
KOMOaHOB (110 COTJIACHUIO).

OYHKIIMY HAYYHOTO COMPOBOXIEHUS paboT
M0 CO3MaHMI0 3EPHOYOOPOUYHBIX KOMOAHHOB
M1OJIOKUTH Ha  YKpaumHCKUU UHCTUTYT
MEXaHU3allUhl U DICKTPUDUKALNU CETHCKOTO
xo3siictBa (nrt. ['meBaxa, KueBckoit o6macTu)».

BrnocneactBum  Hadaaoch COBMECTHOE C
[Tonbieit mpousBoAcTBO KomOaitHOB «OOpuii»
(r. XapskoB), ¢ Poccueit — xkombaiiHOB
«EHuceit» (r. JlozoBas) wu  «lon—Jlan»
(Anexcannpusi), ¢ ['epmanueir — komOaiiHam
Mera 204 — «/luenp» (r. IlaBmorpam), c
benopyccueit komOaiinoB «Iloneche» (. benas
LepxoBs).

Hawano mnpowu3BoacTBa  OTEYECTBEHHBIX
3epHOYOOPOUHBIX KOMOAHOB CTaJo
OOIIECTBEHHBIM ~ COOBITHEM HE TOJBKO B
VYkpauHe, HO U 3a €€ MpenesaMu, TOTOMY YTO
VYkpauna  crtaja  KOMOaifHOCTPOMTEIbHBIM
rocyapctBoM psaom ¢ ['epmanuen, Hranuei,
CIIA w npyruMH TPOW3BOIMTEISIMA DITHX
MaIlMH.

DTO, KAk HM3BECTHO,  IIOJOXKHTCIHLHO
OTpa3ujach Ha eHax 3apyOexKHBIX
3epHOYOOPOUYHBIX KOMOAHOB, YTO MPEJIaratoT
U TIOCTaBJISIOT B YKpamHy. OHH CYIIECTBEHHO
yMeHBIIIHCH (Ha 15-25%).

C mosiBIEHUEM MPUYACTHOCTU YKpPaWHBI K
MHPOBOTO KOMOaHHOCTPOCHUS BCTAJIN
HEOTJIOXHBIE 337]a4¥ 110 GOPMHUPOBAHUIO HOBOU
TEXHUYECKOH TOJUTUKH B YOOpke XxineOoB. B
YACTHOCTH HEOOXOJUMO ONpPENeNUTh, KaKue
MHO)KECTBa KOMOAlHOB IO HMX THUIaM, KJIaccam
U KOJINYECTBY HEOOXOIMMO UMETh B YKpauHe U
YTO IVIaBHOE CIeAyeT AeNaTh JUIsl YMEHbIICHUS
UX CTOMMOCTH, KaKk B&XHOTO IOKa3aTess
KOHKYPEHTHOM CITOCOOHOCTH M BO3MOXKHOCTHU
nokynku norpedutensimu? [lo sTomy Bompocy

aBTOPbl HEOJHOKPAaTHO BBICKa3blBAIU CBOIO
TOUKy 3peHus [1-5]. B pa3Butue 3TOil TOUKH
3pEHMs] CUMTAeM I1eJIeCOO0Pa3HbIM H3II0KUTh
CIIeylolllee, IOJIE3HOE Ha Hall B3MVIAA UL
KOMOAHHOCTPOUTENBHBIX  NPEANpUSITUH, a
TAKKE JUIsI COOTBETCTBYIOIIMX IPOEKTHBIX
opraHu3aliiii u B 0O0WEM i MTPOpadOTKU
TEXHUYECKOU MOJIMTUKA  TIO0  BOIpOcam
TEXHUYECKOr0  OOecredyeHHus IMPOU3BOJCTBA
JICIIEBOTO 3€pHA B YKpauHe.
[IpuponHO-1IpON3BOACTBEHHBIE YCIIOBHS
IIPOM3BOJICTBA 3€pHA B YKpaWHE HAaCTOJBKO
pa3HOOOpa3Hbl M M3MEHYMBBI HE TOJBKO IO
rogaM, HO M B TEUEHHUE OJHOT0 YOOpPOUHOTO

Ce30Ha, UYTO  MOTYT  BBICOKOI((HEKTUBHO
MPUMEHSTECS  3€pPHOYOOPOUYHbIE  KOMOAIHBI
aroboro  TMOma M JIO00OM  MPOMYCKHOM
cmocoOHOCTH B Tpeaenax ot 1 kr/c 1o
30 kr/cex.

Onnako 3TO HE O3HAy4aeT 4TO
KOMOAWHOCTPOHUTEIbHBIE  3aBOABI  JOJDKHEI

MPOU3BOINUTH, CKakeM 30 mMomeseil KoMOaitHOB
KOTOpbIE  OTJIMYAITCI  JAPYyr OT  Jpyra
NepPEeKIaIMHON TMPOMYCKHONW CIIOCOOHOCTH B
1 xr/cexk.

MuUpOBOIi OMBIT MOKA3bIBAET, YTO TTOYTH BCE
KOMOAHOCTpOUTENbHBIE (PUPMBI UMEIOT OJHY
0a30ByI0 MOJETh MOJIOTHIIKM KombOaiiHa (0e3
W3MECHCHHH ee¢ IapaMeTpoB) dYalle Ha JiBa
KJIacca TPOMYCKHON CITOCOOHOCTH, KOTOpBIC
OTIUYAIOTCS] MIPOMYCKHOW CIOCOOHOCTBIO Ha 2—
3 Kr/c, a IO KOHCTPYKIIUH TOJHKO MOIIHOCTBHIO
JIBHUTATENS] U MIMPUHON 3aXBaTa >KaTKu (Xemepa).
DTO YMEHBIIIAET KOJIMYECTBO 0A30BBIX MOJEICH
3epHOYOOpPOUYHBIX KOMOAHOB, YTO MPOU3BOIUT
3aBO/I.

O06o0menre 3TOro OmbITa M YYUTHIBAs
Hapaborku HHI[ “UMDCX” u I'Kb “HOxnoe”
MOKHO npeanaraTh VIS KaXKJI0TO
KOMOAHOCTPOUTEIILHOTO 3aBOAa YKpPauHBI HE
0O0JIBIIIe YeThIpEX 0a30BBIX MOJEIICH MOJIOTHIIOK
u COOTBETCTBEHHO 3epHOYOOpPOUHBIX
kombaitHoB manout (1,5-3 «kr/c), cpenHei
(3-6 «xr/c), BBICOKOM (6—15 KI/C) M BBICOKOW
(15-25 kr/c) mpormycKHOM CITOCOOHOCTH, TO €CTh
3a  00pabOTKOW  MacChl  TEXHOJIOTHYECKOTO
Marepuana B CeKyHIy (Tadu. 1).

DTO 03Ha4aer, HampUMep, YTO MOJIOTHUIIKA
Oymer MTOJTHOCTHIO yHUDUAITIPOBAaHA
(cromporieHTHO) A7 KOMOaifHOB  KJIaccoB
6 kr/c, 9 kr/c, 12 kxr/c u 15 xr/cek.
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Tadauma 1. Tlokazarenu XapakTepUCTUK 0a30BBIX MOJEJICH 3epHOYOOPOYHBIX KOMOAHOB Ha
nepcriektuBy 10 2030 r. (IpOM3BOAUTENBHOCTh, THUIIBI, QJANTepPbl, MapaMeTpbl, MOTPEOHOCTH,

Harpyska)

Table 1. Performance characteristics of basic models of combine harvesters on the horizon to

2030 (capacity, types, adapters, parameters, need, load

[Tpon3BOIUTENBHOCTD, TIPHU MOTEPSX
3epHa MOJIOTHJIKOM:
1,5% 1,5-3 3-6 6-15 15-25
1,0% 1,5 1,5-3 3-9 9-15
1. Monotuika MHOroOapabaHHas TaHTCHIIMAIBHOTO THIIA C OYHUCTKOW 3€pHA, HU3MEIbUUTEIIEM
COJIOMBI ¥ BOBMOXKHOCTBIO aJIalITAIlUH K YCIOBHSIM U TEXHOJIOTUSAM YOOPKH XJ1€00B
2. O6ecnieuenus (o 3aKasy) CX,H, IT CX CcX CcX
MOOHJIEHOCTH
3. XonoBas 4acTb MOOMIIBHON KOJL. KOJL., TYC. KOJL., TYC. KOIL., TYC.
MOJIOTHIIKH
4. OGecneuenus (1o 3aKasy) IIB, K, C,|IIB, K, C,|IIB, K, C,|IIB, K, C,
(YHKIIMOHATBHBIMU YCTPOUCTBAMU HT, IIC, | HT, BX, IIC, | HT, BX, IIC, | HT, BX,
(amantepamu) VB, XC, | YB, HC, PC, | VB, HC, PC, | IIC, VB,
KH VT, KC, XC, | KC, XC, IIK, | HC, PC, KC,
MP, PUC, | PUC, KH XC, IIK,
I1K, KH PUC, KH
5. Ilapamerpsr:
5.1. MommocTs nsurareis, KBt 15-80 130-150 180-260 260-300
5.2. Macca, ocHOBHas KOMILIEKTAIIH, 4345 10,0-12,5 13,5-15,5 15,5-18,0
TOH
5.3. 3axBat xeznepa (1Mo 3akazy), M 3,0,4,5 5,6 7,8,10 8,10
5.4. O6bem Oynkepa, M 3,0 6-7 7-8 7-8
5.5. CKopoCTh ABMIKEHHS, KM/ 0-25 0-40 0-40 0-40
5.6. TpancnopTHas NMpUHA, M 2,5 2,5 2,5 2,5
5.7. lyra noxbapabaHbs, Tpa. 130-140 130-140 130-140 130-140
5.8. [Inomane pemer oYnucTKu 2,6-3,0 55-5,8 5,5-5,8 6,0-6,5
(oO1mast), M
BEPXHETO pelreTa 1,4-1,7 3,0-3,2 3,0-3,2 3,2-3,5
HIDKHETO pereTa 1,2-1,3 25-26 25-2,6 2,8-3,0
5.9. lllmpuHa MOJIOTAPKH, M 1,2-1,3 1,5-2,0 1,5-2,0 1,8-2,0
5.10. Ckopocth HOXa  xelepa
(cpenHsis), M/c 2,0-2,5 2,0-25 2,0-2,5 2,0-25
5.11. DHeproemkocTh, KBT/KI/C 24-25 22-25 15-17 14-15
6. [TorpebHOCTH B 2020 T., THIC. €I 15 17 115 3

COKPAILEHUE:

KOJI. — KOJICCHBIH,

ryc. — I'YyCEHUYHBIN U
MOJIYTYCEHUYHBIH,

CX — caMOXOHBIH,

XC —xenep s cou,

MP — Moienp KacTopoBoOE,
K — xyKypy30 yOOpOUHBIiA,
PC — cTon paricoBbli,

C — moACOHYXOYOOpOYHBIH,
HT — y6opku ceMeHHHKOB

IIC — u3MeNnpUnTeIb COTOMEI,
VB — co3nmarens BaJIkoB,

HC — norpy3unk cosomsl,

VT — co3gaTeiib TIOKOB COJIOMBI,
KH — kommHuTEIs HABECHOIA,

H — maBecHoi,
I1 — npunenHoMu,
[1B — moabopumk BaykoB,

Tpas,
PUC — monens
prcoybopouHas,

IIK — npuLen—KonHuTes,
BX — renexka s xenepa.
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Puc. 1. Cxema 6a30B0ii KOHIIENT-MOJIENIN 3€PHOYOOPOUHBIX KOMOaliHOB “CrnaByrny”
Fig. 1. Scheme of the basic concept model of grain harvesters “Slavutich”

Kombaiinel B mipenenax 3TOM MPOIMYCKHOU
CrocoOHOCTH  OyAyT OTIAMYATbCA HIMPUHOM
3axBaTra JKaTKW, MOIIHOCTBIO JIBUTATENs W
ITOTEPSIMU 32 MOJIOTHJIKOM B cOOTBETCTBHUM (,6—
0,8%, 0,9-1%, 1,2-1,3% u 1,5%.

XapakrepucTuieckue MoJenu (OCHOBHBIE
XapaKTepPUCTHKH 0a30BBIX MOJENICH) HMEIOT
CIEyIONMe KOHCTPYKTUBHBIE OCOOEHHOCTH,
OTIpe/IEISITh KOMOAHOCTPOCHHS YKParHBI.

I. beskinaBummHbIe MOJIOTHJIBHO-
CenapaTopHble YCTPOMCTBA TaHTEHIIHAIBHOTO
tuna (puc. 1) ¢ Tpems 6apabaHaMu 3aKPBITOTO
THTIA (repMeTHYHO MYCTOTEJBIMH ),
pa3oTHYTHIMM Ha BXOJ€ U Ha BBIXOJE
TaHTCHITUBUTBHO- IHJIMH APUIECKATIONOOH BIMU
MTOBEPXHOCTSAMU noaoapabaHoB, u
0e3BapHaATOPHBIMU JIBYX- HJIH TPEXPEKUMHBIMH
npuBojamu 0apabaHOB.

Jt10 YMEHBIIAET
H3rOTOBJICHU S KoMOaliHa,
miadIiee  JeMCTBUS  Ha 3€pHO, IOBBILIAET
MPOU3BOAUTEIHLHOCTD MOJIOTHJIKU u
YCTOMUMBOCTH TEXHOJIOTMUYECKOTO IIpolLiecca,
MO3BOJISIET n30exarhb pa3banaHCUPOBKU
MOJIOTHJIBHBIX 0apabaHoB, CBS3aHO C Pa3HBIM
BECOM  MbUIM, KOTOpas  HajJumaer Ha
MONOMYHUKA WM Owuym Oapabana, U TOMY
nono6Hoe. Takue koMOaiiHbI OyIyT AOCTOWHOU
3aMEHOW  3€pHOYOOPOYHBIX KOMOAWHOB ¢
KJIIaCCUYECKOM M aKCUAJIbHON MOJIOTUJIKAMU.

2. ToHKOCIOWHOE NUTAaHUS OYUCTKU 3€pHA U
ypaBHOBELIEHHAsl LIATYHOpeEIIeTyaTass O4YHCTKa,
YTO CIIOCOOCTBYET MOBBIILIEHUIO HHTEHCUBHOCTU
cemapalMy MEJKOIO BOpOXa, YIPOIRET €€
KOHCTPYKIIMIO M TO3BOJIIET  M30€kKaTh

ce0ecTONMOCTh
CrocoOCTByeT

JUHAMHUUYECKOH pa30alaHCUPOBAaHHOCTH TOJ-
BUJKHBIX COCTaBJISIONMX ouncTkH. [lotepu 3ep-
Ha 32 OYUCTKOH OyayT CBEIEHBI K UX CJIEIOB, a
B 11€JIOM 32 MOJIOTWJIKOM OHU YMEHBIIIATCS B/IBOE.

3. Broirpyska 3epHa u3 OyHKepa 110
npuHUMNy ‘“‘camocBan’  (puc. 2) HOyTeM
UCTEYCHUS €ro MoJ JCHCTBHEM 3eMHOTO

HOPUTSHKEHUS], YTO CIIOCOOCTBYET YMEHBILEHHUIO
HNOBPEXJCHUS 3€pHA, YIPOLRAET KOHCTPYKIIUIO

nu Ha MMOPSAI0K YBEINYNBACT
MIPOU3BOIUTENBHOCTh BBITPY3KU 3epHa.
[locnennee YBEITUYMBAET KO3 uHeHT

HCIOIb30BaHus paboyero BpemeHu Ha 8-10% u,
COOTBETCTBEHHO CMEHHYIO
MIPOM3BOIUTENFHOCTH KOMOaiiHa.

4. Kaperounbiii (OamaHCUPHBIA) MOCT
MEepeIHNX KOJIEC XOJOBOM CHCTEMBI KOMOaiiHa
(cMm. puc. 1), 9TO cOCOOCTBYET YMEHBILICHHUIO
yIAENBHOTO JaBIIEHUSI HA TPYHT, YMEHbBIICHUIO
aMILTUTYyAbl KoJieOaHUM KomOaiiHa, yiydmaer
YCIIOBHS SKCILTyaTallid MAlMHBI U MOHTaXHO-
JEMOHTaXXHBIX paboT.

5. KoHnrtaktupytom@as ¢ TpyHTOM pabodas
TMOBEPXHOCTH KoJieC (IIMH) IUIUHIPOIIO00HAs,
YTO CYIIECTBEHHO YMEHBIMT CONpPOTHBIIEHHE
KaueHHWIO KOJIEC, JaBJIEHUE Ha TPYHT W HM3HOC
MPOTEKTOPOB IIIMH IO CPAaBHEHUIO C IIMHAMH,
UMEIOLMMU apKOMOI00HYIO dopmy
NOSICHUYHOTO HX CEYCHHsT B COBPEMEHHBIX
KOMOaifHOB.

6. Hlupuna xomGaiiHa B TpPaHCHOPTHOM
nosoxkeHun 2500 MM, 4YTO COOTBETCTBYET
MEXIyHApOIHBIM TpeOOBaHUSIM K MallMH,
JBUKYIMXCSI Ha aBTOMOOMJIBHBIX JIOPOTaX.
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Puc. 2. 3eproydbopouHbIi KO
Fig. 2. Combine harvester with tank-truck

[Ipuyem, MaKCHUMaJbHOE 3HAYCHUE
peryaupyeMoil KoJled XOJOBOH cCUCTEMBI B
paboueM  TIOJOXEHHHM  YBEIMYMBACTCS  JO
3000 mm.

7. ABTOMAaTM3MpOBAHHAsE OCTAHOBKA KATKU
U HAKIOHHOM KaMepbl IpH MOMNaJaHWM B HUX
IIOCTOPOHHUX IPEAMETOB, KOTOpPBIE MOTYT
paspylmTh paboure opraHbl MOJOTUIIKH.

8. VYrunmzauuss u30BITOYHON TETIIOBOM
SHEpIUM OT JABUTraTenss KoMmOaliHa, Hampumep,
[oJIorpeBa BObI OBITOBOrO Ha3zHaueHUs. DTO
NOBBICUT  3((EKTUBHOCTh  HCIOJB30BAHUS
TOILJINBA.

9. Ananrtanus 3epHOyOOpOYHOro KombOaiiHa
K yOOpKe BCEX 3€pHOBBIX M MM MOJO0OHBIX
KyIbTYp, a TakkKe 10 3akazy YOOpKH
He3epHOBOM yactu ypoxas (HUY) 3a ocHOBHBIM
cXemMaM:  M3MeJIbYeHHMe M 3arpy3ka B
OBICTPOPA3rPy30UHYIO TEJIEKKY, (opMUpOBaHME
KPYNHBIX 0 2,5 T KONeH (CTOTrOB), UTO MOYXHO
BBIBO3UTH C IMOJISI  CaMO3arpyXarolMMHICs

cToroBozamu, ¢opmupoBanue BankoB HUY,
pa3opacsiBanus HUY.

10. Yuuduxanus COCTaBHBIX
3epHOYOOPOUYHBIX KOMOaitHOB (xabuH,
JBUTATEJIC, DJIIEMEHTOB XOJOBOM CHCTEMBI U
T.JI.) C COCTaBJSIOIIMMH TPAKTOPOB, YTO
MTO3BOJIUT CYILIECTBEHHO YMEHBIIHTh

ce0eCcTOMMOCTh M3TOTOBJIICHUS KaK KOMOAWHOB,
TaKk U TPAKTOPOB U, KaK CIEACTBHE, YIY4UIMTh
HSKOHOMHUYHOCTH YOOPKH XJI€00B. DTO MO3BOJIUT
OTKa3aThCs oT CHeUaTN3UPOBAHHBIX

MOaiiH ¢ OyHKEepOM-

ot
e S M1

caMOCBaJIOM

KOMOalHOCTPOUTENBHBIX u
CIIEUATU3UPOBAHHBIX TPAKTOPOCTPOUTEIBHBIX
3aBOJIOB M IPOU3BOJMTH, TaK KaK KOMOAHBI U
TPAKTOPBI Ha MAIIMHOCTPOUTEIILHOM 3aBOJIE.

1. AaniTUBHOCTh  3€PHOYOOPOUHOTO
KoMOaiiHa K HCITOJIb30BAaHUIO HE3EPHOBOM YacTH
ypoxasi B KauecTBe SHEPrOHOCUTEIISL.

3epHOYOOpOUHBIA KOMOAiH — 3TO YHHKalbHas
CEIIbCKOXO3SMCTBEHHAs] MalliHa, KOTOpas IMpu
pabore MPOIyCKaeT CKBO3b ceost
JIETKOBOCTLIIAMEH SO FiCST Marepual
(HE3epHOBYIO YaCTh), YTO IO TEMJIOTBOPHOMU
CIOCOOHOCTH TIPEBHIIIAET B HECKOJIBKO pa3
TEMJIOTBOPHYIO CHOCOOHOCTh MOTPEOIIEMOro

JIBUTATEIIEM TOTLIINBA HeTIHOTO
npoucxoxnaeHus. IloaTomy ucnonp30BaHHE
HE3EepPHOBOM wyacTu ypokasi B  KauecTBe
YHEPTOHOCUTEIIS Ut HHEPrOYCTaHOBKH
KoMOaiiHa, Oymer BBICOKOI(DEKTHBHBIM,
HarpumMmep, c ITOMOILIBIO IIOTOKOBOM

ra3oreHepanuy COIOMBI.

12. Cucrema 4aCTHYHOTO O0OE3BpPEKUBAHUS
BBIXJIONTHBIX Ta30B JBUTATENs KOMOaiftHa, W
YT 3AIUS POAYKTOB CTOPAHUS TOTLIHBA.

13. Cucrema aBTOMAaTHU3UPOBAHHOIO
HacTpoiika KomOaiiHa Ha 3aJaHHBI YPOBEHBb
oTeph 3epHa u 9KOHOMMYECKH

11e71eco00pa3Hblii YpOBEHb 3aTpaT TOpPIOYero Ha
1 ra unu Ha 1 T HAMOJIOUEHHOTO 3€epHa.

14. CucreMa DMCTAaHIIMOHHOIO YIPaBJICHUS
HaMpaBJICHUEM JBUKCHUS U PEKUMOM pPabOTHI
KoMOaliHa, aBTOMAaTHYCCKas OCTaHOBKA
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KOMOaifHa TIpU  OTCYTCTBHUM  yIPaBIISIOIMIMX
JeiicTBUM Ha npoTshkeHuu 10 cexyH.

YHOMSIHYTbIE  XapaKTEpUCTHKM  0a30BbIX
Mojieliell  TPEAyCMaTpUBAIOT  HE  TOJIBKO
MOKA3aTeNIu MOTPEOHOCTEH CETOMHSIIHETO JHS,
OHHA YKa3bIBarOT HarpaBJICHUA
COBEPIICHCTBOBAHMSI u pa3BHUTHUS
3epHOYOOPOUYHBIX KOMOAITHOB.

BbIBO/IbI

1. JlroboMy MalmHOCTPOUTEIBHOMY 3aBOIY
HSKOHOMHYECKH [EIeCO00pa3HO M3TOTaBIMBATH
yeTblpe 0a30oBble MOJEIU 3€PHOYOOPOUHBIX
KOMOAHOB C MPOIYCKHBIMU CIOCOOHOCTSMH:
153 «xr/e, 3-6 «xr/c wm 15-25 «xr/c
TEXHOJIOTUYECKOTO Mmarepuana u c
napaMeTpamMM, TMpPHUBEJICHHBIMH B TaOJHIIE.
OcHOBHasg W3 HHUX MOJEIb C MPOMYCKHOU
CIIOCOOHOCTBIO 6-15 Kr/c, oO1mas
TEXHOJIOTHYecKasi HOTpeOHOCTh B HEll YKpauHBbI
— 115 TBIC. €UHMUIIL.

2. CenbCKOXO3SMCTBEHHOE TPOU3BOJCTBO
YKpauHbI TOHKEH €XKETOAHO OONbIIMe YOBITKH,
CBSA3aHHBIE C HECBOEBPEMEHHBIM COOpOM
yposxasi, BBI3BAHHBIM HEXBaTKOH
3epHOYOOPOUYHBIX KOMOAHOB, W MHOTHMH
HEJOCTaTKaMU KOHCTPYKIMHM 3THX MalMH H
croco0oB yOOpKH ypoxasi. [puuem,
UCIIOIb30BaHNE  KOMOailHOB  3apyOe’KHOIo
IPOM3BOJCTBA HE  pellaeT HU  OAHOIO
MPOTHUBOPEUHS YIOMSIHYTOU MPOOIIEMBI.

3. IlpobGmema  ymydimieHHsi  KadecTBa,
HSKOHOMHUYHOCTH u 9KOJIOTUYHOCTH
KOMOaliHOBO# yOOpKH OblLiIa 1 OCTAaeTCsl BO BCEM
MHUpE HEPEIICHHON U CaMOM CII0KHOU.
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REGARDING DEBATE ON STRATEGY
OF TECHNICAL POLICY IN PROVISION
OF GRAIN HARVESTING IN UKRAINE,

DOMESTIC COMBINE HARVESTERS

Summary. State and main problems in the
harvest and offered for domestic combine-
building the main design and technological
characteristics of basic models perspective grain
harvesters of low, medium, high and ultra-high
performance  with  capability  respectively:
1,5-3 kogfs, 3-6 kg/s, 6-15 kg/s, 15-25 kg/s
process material.

Any engineering plant is economically feasible
to manufacture four basic models of combine
harvesters with carrying capacities: 1,5-3 Kkg/s,
3-6 kg and 15-25 kg/s process material and with
the parameters given in the table. The main one
model with a capacity of 6-15 kg/s, the overall
technological needs of Ukraine — 115 thousand
units.

Agricultural ~ production of  Ukraine  shall
annually heavy losses associated with delayed
harvest caused by the shortage of combine
harvesters, and many of the disadvantages of
these machines and methods of harvesting.
Moreover, the use of combine harvesters of
foreign production does not solve any of the
contradictions mentioned problems.

The problem of improving the quality,
efficiency and environmental performance of
combine harvesting was and still is worldwide
unresolved and most difficult.

Key words: controversy, strategy, harvesting,
combine harvester.
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INOCTPOEHHUE AT CUCTEMbI IMAT'HOCTUKH
3EPHOYBOPOUYHBIX KOMBAHMHOB HA OCHOBE BA3bI 3HAHUM
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AnHoranusa. Ilpu  pemenun  3agau
YIPABICHUS TEXHUYECKUM COCTOSIHHEM
MaIlIMHBI PACCMOTPEH KOHTYP OOMEHAa, KOTOPHIi
BBI3bIBACT MHTEPEC, KAaK UCTOUHUK MH(OpMAIHH
0 TEXHUYECKOM COCTOSIHUH BHEIIHUX
MPU3HAKOB O0TKa30B. [lo7 BHEMIHUM NPU3HAKOM
OTKa3a MOHUMAETCSI KPUTEPUI OTKA3a AJIEMEHTA
00BEKTa, KOTOPBI BOCIIPUHUMAETCS YEITOBEKOM

OpPTraHOJICIITUICCKUM oe3 HCIIOJIBb30BaHUA
BHCIIHHUX CpCacTB TEXHHUYCCKOI'O
ANarHoCTUPOBAHUA.

[IpuBenena wmetoguka moctpoenus AT
CUCTEMBI Ha OCHOBE 3JIEMEHTOB 0a3bl 3HAHUH TI0
JMAarHOCTUPOBAHUIO 3epHOYOOPOYHBIX
KOMOAaIHOB, OCHOBAaHHOH  Ha  BHEIIHHUX
MpU3HAKaX © COAEPXKHUT HUHDOpMaLUI0 00
OTKa3ax TUAPABINYECKON CHUCTEMBI
3epHOYOOPOYHBIX KOMOAWHOB, MX MPHUYUHBI H
METO/bl YCTPAHEHHS.

B pexume npuoOpeTeHust 3HaHUI WHXXEHEP
BMECTE€ C MacTepOM-IUArHOCTOM (HOPMUPYIOT
06a3y 3HaHui, [Jo00aBisAs B 0a3y 3HaHUM
BO3MOJKHBIE HEMOJIAJKH U TPUYUHBI, KOTOPHIE
UX BBI3bIBAIOT, U BECOMOCTb KaXKJOW MPUYUHBI.

B pexume pemenust 3amau ¢ AT cucremoit
oOmIaercs TONB30BaTENb, BBIOUpAs HYKHBIH
KOMOalH B CHUCTEMY, MOJACUCTEMY H, OTBEeUas Ha
noackasku AT cucrtema uMeeT BO3MOXKHOCTh
BBISIBUTH HETIOJNA/IKY, u TOJTYYUTh
PEKOMEHIallUHU T10 €€ PELICHUIO.

[IpuBeneHbl B cTaTbe MaTepUAIbI SBISIOTCS
yacThl0o  0a3el  3HaHmii AT  cucTeMSl,
comepxamrytro  umHpopManui 00  OTKazax
3epHOYOOPOYHBIX KOMOAfHOB TIO BHEIIHUM
MIPU3HAKAM, MIPUYHHBI BO3HUKHOBEHUS
HEMONaJ0K M  PEeKOMEHJIAalUUM MO0  HUX
YCTPAHEHHIO, CTam OCHOBOH AT
JMAarHOCTUYECKOU CUCTEMBI.

Hcnons3zoBanue pa3paboTaHHOI
MHTEJUIEKTYaJIbHOM COBEIIATENIbHOM CHUCTEMBI
MIO3BOJIUT YIPABIATh TEXHUUYECKUM COCTOSIHUEM
MalliHbl W NO3BOJsIeT  K30aBUTbCA ~ OT
HEOOXOJUMOCTH  3BPUCTHYECKONH 00paboTKU
O0onpmuX 00BEMOB HMH(POPMAIIMM W aHaIu3a
CJIOHBIX B3aMMOCBSI3aHHBIX IIPOLIECCOB.

OT0 cHMXaeT TpeOOBaHUA K KBaTH(pUKALUU
oreparopa, 1o YPOBHIO IPUMEHEHUS
TEXHUYECKUX CPEJICTB IUarHOCTUPOBAHMUS.

KiroueBble cj0Ba: [UarHoCTHKa, OTKa3,
06a3a 3Hanuii, AT cucrema, ruapaBinyeckas
cucTtema.

ITOCTAHOBKA ITPOBJIEMbI

3epHoybOopounbiii komOaiiH (3K) — camas
CJIO)KHAsi MOOWJIbHASI MallliHa, MPUMEHSETCS B
CEIIbCKOX03sHCTBEHHOM Mpou3BoaCcTBe [1].

Okcruryaranus koMmOaiiHa o0ecreunBaeTcst
0IepaTopoM-KoMOaifHEpOM, KOTOPBIA OOBIYHO
o0aaeT JIMIIb OBEPXHOCTHBIMU 3HAHUSIMH O
KOHCTPYKLIUM CTPOCHUS U TEXHOJIOTHYECKOTO
mpouecca paboOThl MallMHBI U eme Oonee
OTPaHWYEHHBIMU  3HAaHUSAMM M  HaBbIKAMH
VIIPaBJICHUSI TEXHUYECKUM COCTOSHHEM (Kak
U3BECTHO, HEJOCTaTOK W HU3KUHA YpOBEHb
KBaJTM(HUKAIIMA KaJpOB — OJHA W3 CaMbIX
OCTPBIX  MIpPOOJEM  CEeIbCKOXO3HCTBEHHOTO
npou3BoACTBA) [2]. DTO MPUBOIAMUT K TOMY, YTO
yaiie BCEro Oleparop HE B COCTOSHUU He
TOJIbKO KQUEeCTBEHHO M CBOCBPEMEHHO TPOBECTH
TEXHUYECKOE OOCITy)KUBAaHHE M 3asBOYHBIN
PEMOHT, HO JJa)ke TPaMOTHO OIHCATh BHEIIHUE
NPOSIBJIEHUSI OTKa3a M COOOLIMTh MX MacTepy-
JIMarHocTy BepHo BBecTH uX B AT cucremy [3].

[TosTomy oOmieHue omepaTopa M MacTepa-
JMarHOCTa MOXKET HAIIOMHHATH JIMAIOT Bpaya C
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OOJIBHBIM: OTIEPATOP MEPEUHCIISET «OKAITOOBI» Ha
MalliHy, a JHarHoCT 3aJaeT YTOYHSIOIIHNE
BONIPOCBI C TEJNBIO OMpPENEICHHUS] BHEIIHUX
MPU3HAKOB  HEWUCIIPaBHOCTH M Habopa
HEOOXOUMBIX CBEACHHWM JJs JallbHEHIIEero
JIMarHocTHpoBaHus [4].

AHAJIA3 ITOCJIEAHMUX I/ICCJVTEZ[OBAHI/II\/'I
N ITYBJIIMKALINN

JlaHHO yKa3aHHOMW BbIILIE CUTyallud MOKHO
JaTh  palMoHalbHOE  OOBsicHeHue  [5-9].
YBenuuenue CII0KHOCTH COBpPEMEHHBIX
TEXHUYECKUX W YEIOBEKO-MAIIMHHBIX CHUCTEM
(HampuMep, cuUcTeMa  «oIepaTop-KoMOanH»»)
MPUBEIIO K TOMY, 4YTO UX «IIOBEICHUCY
AQHAJIOTUYHO TMOBEJACHUIO KUBBIX OPraHU3MOB: B
Hel (cucTeMe) TpyIHO pa3o0paThbCs W BBISIBUTH
MIPUYMHHO-CJICICTBEHHBIE CBS3H 0€3 TITyOOKuX
3HAHUWA O €€ CTPOCHHHM M OPTaHM3AIMH BCEX
nporeccoB  [10, 11]. HemoaroroBiaeHHBIHI
YEIIOBEK MOXKET 3aMETHTh TOJBKO OTKIIOHCHHS
(WM HapyIIeHHs) B MOBEACHUU MPH YCIOBUH,
9T0 'y Hero cGOpMUPOBaH CyOBEKTUBHOE
MIPEJICTABJICHUE O «HOPMAJbHOM)» IOBEICHHUH
[12-16]. Otmerum, dYTO OT KOJMYECTBA U
KauecTBa IMOJIYyYCHHOH J0 Hayana Mmpoiiecca
JTUArHOCTHPOBAHUS alPHOPHON HHQOpMAIHH
3aBUCHUT 3(PPEKTUBHOCTh JAUATHOCTUPOBAHUS U
Ka4yecTBo nuarHosa [17].

Benp, ecnu 1o Hauana OUArHOCTUPOBAHUS
W3BECTHO, YTO Yy MamuHbl (Ha mpumepe 3K
«Jon-1500b») He BKIItOUaeTCs BBITPY3KHU 3€pHA,
TO TpPOBEpKe OYIyT TOJIBEPTHYTHI TOJBKO
MOJICUCTEMBI BKITIOUEHUS BBITPY3KH
AEKTPOTH/IPABIIUKH, JJIEKTPOHHAS OJIOKHPOBKA
(matunku K-13-1) u o>7eMEHTBI OCHOBHOM
ruapocuctemsl [18], a He Bcs rumpocucTema
WK MalrHa B 1iesiom [19].

[ToaTomy B TAHHOU pabote
paccMaTpuBaeTCs porecc reHepanuu
anpuOpHOMN nHpopManuu JUTSt
muarHoctuposanus 3K [20].

[TOCTAHOBKA 3AJIAYUA

Jlns  BBISIBICHHUS  BHENIHUX  IMPU3HAKOB

OTKa30B paccMoTpuM B3alMOJICHICTBHE

orepaTopa ¢ MaIIMHOW TPH SKCIUTyaTaldd 0
Ha3HaveHuto. J[7s ommcaHuWs 3TOro TMpoiecca
nenecoodbpasHo paccmarpuBath 3K B Buae
CHUCTEMBI,  KOTOpas  B3aUMOJEHCTBYET  C

BHEIIHEH CpENOM M ONEeparopoM IO LEMIM
oOMeHa, KOTOpbIe COJEpPXKaT «BXOIb» H
«BBIXOJBD».

N3JIOXKEHHUE OCHOBHOI'O MATEPHAJIA

C TOYKHU 3peHus 3¢ PEKTUBHOCTH
JKCIUTyaTalid HauOOJIBIIYIO 3HAYUMOCTh UMEET
1ejeBasl Ienb, XapaKTEpHU3YIOIasl BBIXOJHOM
sadekT ot cucremsl . OaHaKo oueHka dddexra
OT DKCIUTyaTal[id KOMOaiHa He BXOIUT B KPYT

3a7a4  omeparopa, »JTO, CKOpee, 3ajada
PYKOBOIUTEIIS, arpoHOMa, WHXXCHEpa,
SKOHOMHCTA.

OmnepaTop e HeCeT OTBETCTBEHHOCTL 3a
KayeCTBO TEXHOJOIHYECKOI'o Iporecca padoThl
MaIIUMHBI (M TOJBKO IT09TOMY KayeCTBO BIIHSET
Ha BBIXOOHOH 3(G@EKT OT HCIOIL30BaHUA
MAaIlIHHBI), IIO3TOMY HaM claeayer
paccMaTpuBaTh B3aHMMOJICHCTBHE BCEX
KOHTYPOB IIPOILICCCOB.

PaccMOTpuUM KOHTYP MPOILIECCOB OCHOBHOM
THOpOCHCTEMBI KoMOaiiHa. Bxogamu (X) B 3ToM
cllydae SIBISIOTCA YIOPaBISIOIIME JEHCTBHUS

(xomaHBI) orieparopa. Ot BXO/bI
00YCJIOBIIMBAIOT BBIIIOJHEHHE OIPEAEIEHHBIX
omepalMii  THAPOCUCTEMOM —  IIPOLIECCOB.

PesynpraTamu nporeccoB — Beixogamu (Y) ecTh
HOBBIE COCTOSIHUSI arperaroB u pabouyux
OpraHoB KoMOaiiHa.

JIns  OCYIIECTBJICHHUS Iporecca Kpome
BXOJIOB HEO0OXO0IUMO BBITIOJIHCHHE
omnpenenenuplx yciosui (U). Hampumep, mis
BBIIIOJIHEHUS  BCEX  IIPOIECCOB  OCHOBHOM
THIPOCHCTEMOM B paboTOCIIOCOOHOM
COCTOSIHMM YCJIOBHUEM SIBJISICTCS pabOTaIOIIMi
JIBUTATEllb, a €CIH PacCMOTPETh IIPOIECC
OIYCKAaHHUS JKaTKH, TO OJHOBPEMEHHO C JTHM
YCJIOBHEM JIOJI’KHO BBIIOJHSATHCSA M CIIEIYIOIIAst
— «KaTKa He HAaXOJUTCS JIH B KpallHEM HIKHEM

IMOJIOKECHHUI. 3aMeTnm, 49TO HaMH
paccMaTpUBAOTCA  TOJBKO  T€  YCIIOBHS,
BBIITOJTHCHUC KOTOPBIX IoABEPracTcAa
IIPUBBIYHOMY BOCIIPHUATHIO. B IIPOTHBHOM

ciy4yae 3TH YCJIOBHSA HHUKAaK HEIb3sS CPaBHUBATH
C KOHTYPOM HEMOCPEACTBEHHOTO OOMeHa
«MallIMHAa-0IIEPATOP».

Venosus (U) menecoodpasHo pa3faeilnTh Ha
JIBE TPYIIIIBL: HCKIIIOYNTENBHBIE 31
HCUCKIIFOUUTCIBbHBIC. HDI/I 3TOM 101
NCKIHOYUTCIIBHBIMHA 6y21€M IIOHUMATh YCJIOBUS,
BBIITOJTHEHHE  KOTOPBIX  00SA3aTE€IbHO IS
OCYILIECTBIIEHUS mpoliecca (B paboToCImocoOHOM
U B HEpabOTOCTIOCOOHOM COCTOSIHUH).
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OMEPATOP

BHewHue
npoABAeHnA
COCTOAHMI

BHewHue npusHakn
OTKa3oB

BXOAL: KOMBAWH

YCNOBME:
Uy, Uy, ..Uy

BbIXOA4:
Y1, Y2, .Yy

MPOLUECCHI

Puc. 1. BHemHue nposiBieHus COCTOSIHUNA 00bEKTa AMArHOCTUPOBaHUS (HyJIEBOM ypOBEHbD)
Fig. 1. Symptoms of States of the object of diagnosis (zero level)

Jost BBIIIETIPUBEICHHOTO npumepa
OMyCKaHUsl JKaTKU  YCJIOBHE  (OKAaTKa HE
HaxOJUTCS JIM B KpalHEM HIKHEM TTOJIOKEHUN
— HCKIIIOUMTENIPHOE, a YCJOBHUE <«JBHUraTelb
paboTaeTy — HEUCKIIOYUTEIIbHAS, TaK KaK IMpHU
OTKa3ax HEKOTOPHIX MOACHCTEM (THAPO3aMOK)

O TbEMa/OITyCKAHUS KATKU OCHOBHOM
TUAPOCUCTEMBI, KaTKa MOXET OIyCKaTbCs |
Mpu HepabOoTaroIIEeM JIBUTATEINE.

I[Ipu  pemiennn  3aga4  yOpPaBICHUS
TEXHUYECKUM COCTOSIHEM MaITuHbI
paccMOTpeH  KOHTYp  OOMeHa,  KOTOpPBIH

BBI3BIBAET MHTEPEC, KaK NCTOYHHUK HH(pOpMAIiu
O  TEXHMYECKOM  COCTOSIHUM  BHEIIHHUX
Npu3HakoB oTka3oB (puc. 1). Ilox BHemHUM

IIPU3HAKOM OTKa3a IOHMMAETCS KpUTEpHUH
OTKaza 3JIEMEHTA oOBeKTa, KOTOPBIN
BOCIIPUHHUMAETCS YEJIOBEKOM
OpPraHOJENTUYECKUM  0€3  MCIIOJIb30BaHMS
BHEILIHUX CPEICTB TEXHUUYECKOTO
auarHoctupoBaHus. OrmpeneseHne TEepPMUHOB

«KpUTEPUM OTKaza» U «HAPYKHOE CPEeJICTBO
TEXHUYECKOTO JUArHOCTUPOBAHUS» B3SATHI B
COOTBETCTBHUH CO CTaHJApPTaMH.

3amadyy JNMAarHOCTUPOBAHHUS TIO BHEIIHUM

MpU3HAKaM TEXHUYECKUX COCTOSTHHIA
chopMynupoBaHO  ClEAyIOMUM  00pazoM:
HY)KHO TIOCTPOUTH  peIlarollee  MPaBUIIO,

MO3BOJISAIONIEE TIO HAOIIOAAEMOMY BHEUTHEMY
MPU3HAKY OIpPEACIUTh HAIMYUE OTACIbHBIX

OTKa30B B  OOBEKTE. MOCTPOCHHUS
pelaroIero npaBuIIa UCIIOJIb30BaHa
CIICIYIOIIasi TIOCBUIKA: BBIXOJBI Y SBISICTCS
¢bynkuueit BxomoB X, COCTOSHUH S u
TEXHUYECKUX COCTOSIHHI TS
(Xapakrepusyromuecs HATMYUEM WIH
OTCYTCTBHEM OTKa30B):
Y=f(X,STS).

JUis  mpuMepa  pacCMOTPHM  4YEThIpe
MPOLIECChl,  Yallleé  BCEro  BBIMOJHSAEMBIC
OCHOBHOH TuIpocUCTeMON KomoOaiiHa «JloH-
1500b»: mogbeM yOOpPOUHOI YacTH, OIyCKaHHE
yOOPOYHOU YacTH, MOBOPOT BBITPY3HOTO NIHEKA
U3 TPAHCHOPTHOTO TMOJOXEHHs B paboyee u
MOBOPOT BBITPY3HOTO NIHEKAa W3 paboyero B
TpaHcnopTtHoe. [lpuBenem KkpaTkoe omucaHue
MIEPEYUCIICHHBIX MTPOIIECCOB.

ITponece 1: «Ilogbem yOOpouHOI yacTu».
Bxox: X; — kmaBuma «moabeMm / ONMyCKaHUE
yOOpPOYHON YacTHU» HAXOIUTCS B TOJOKEHUHU
«ITogpem». YcnoBue: — nBurarenb paboTaer —
UCKITIOYNTENbHAS; (OKaTBEHHas 4YacTh He
HaXOJUTCSI B KpallHEM BEPXHEM IOJIOXKEHHUM» —
UCKITIOYUTENbHAsl. BBIXOI: —  «IIOJNOXEHHE
yOOpOYHON YacTH OTHOCHTENIBHO 3€MJIM CTallo
BBIIe, YeM ObutO» U, U4 LY.

[Mponecc 2: «Cmyck yOOpOYHOUW dacTuy.
Bxom: X, — KiIaBuma «ImoabeM/ONyCKaHHE
yOOpPOYHON YacTHU» HAXOIUTCS B TOJOKEHUHU
«Cnyck». YcnoBuwe: — JBHTrareinb padoTaer —

Jas
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HEUCKJIIOUUTENbHAS; — (OKAaTBEHHAs YacTh HE
HAXOJUTCS B KpailHEM HIKHEM ITOJIOKCHUM —
UCKITIOYUTENIbHAs.  BBIXO: «TOJIOKCHUE
yOOpOUYHOW YacTH OTHOCHTEIHHO 3€MJIM CTao
HKe, yeM Obuto» U, 1 U, 5 Y.

[Ipouecc 3: «I1oBOPOT BBITPY3HOTO IIHEKA
U3 TPAHCIIOPTHOTO TOJIOXKEHHUS B padodeey.
Bxon: X3 — KkiaBumia «ImoBOPOT BBITPY3HOTO
IITHEKa» HAXOJIUTCS B TIOJIOKEHUHU «IIEPEBOJ B
pabouee MoyIOKEHUE». YCIOBUE: — JBHUraTelb
paboTaeT — HCKIIOYHUTEIbHAS, — «BBITPY3HOH
ITHEK HE HAXOJUTCS JIM B padOUYEM TIOJI0KESHUY

— HCKIIIOYMTCIIbHAsA. BI)IXOI[I - ((BBIpr3HOI>'I
IIHCK HaxoJuTCiad B pa60qu ITOJIOXKCHHHN»
U3.1U3.2Y3'

[Ipouiecc 4: «I1oBOPOT BBITPY3HOTO IIHEKA
n3 paboyero TOJIOKEHUS B TPAHCIIOPTHOEY.
Bxon: X, — xiaBuIa «IOBOPOT BBITPY3HOTO

LIHEKa» HaxoJauTca B nonoxkeHuu «llepeBon B
TPAHCIIOPTHOE  IIOJIOXKEHUE».  YCIOBHE: —
IBUTATENh pPabOTaeT — UCKIIOYUTENbHAS; —
«BBITPY3HOM IIHEK HE HAXOOUTCI JU B
TPaAHCIIOPTHOM MTOJIOKEHUN» —

HCKJIIOUNTENbHAsA. BBIXOA: — «BBITPY3HOU IIHEK
HAaXOJQUTCSI B  TPAHCIOPTHOM  IOJIOKEHUN»
Us1U42Y,.

Bce BhIlIenepeynciieHHbIE BXO/IbI, YCIOBHS
Y BBIXOJBI MOTYT MPUHUMATH JIBa JIOTHYECKUX
snaueHusi: TRUE («a», 1) u FALSE («Her»,
0). [TorToMy omucaHue TUX MPOIECCOB MOXKET

ObITh TMOKa3aH B BUAEC aireOpbl JIOTHUKH
(Jlormdeckol  KOHBIOHKIIMM  —  OMEpaTop
«AND»). IIpu 3TOM MIPUHUMAETCS
MIPENIOJIOKEHNE, 9TO OJIHOBPEMEHHO

3aJIeICTBOBAH TOJIBKO OJIMH BXOJ.

Jlia mpouecca | BHelIHee MpPOSIBIECHUE

paboTOCIIOCOOHOTO  COCTOSIHUSI ~ OTHCHIBACTCSI
CHCTEMOM:
Xy AUy AU, — Yy
XiANU 4 AU, — Y5
Xy AU AU, — 155
X1 AU 1 AUy — Y55 1)
XiNUj1 AU, = Y
XiANU 4 AU, — Y5
Xy AU AU, — 15
(X, AU AU, — Y.
HJIN:
X1 VU1 VU, = Y )
X,ANU 4 NU, 5, > Y.
[IposiBneHnem HETPYAOCIIOCOOHOTO
COCTOSTHUM ONHMCBHIBAIOTCS CHCTEMOIL:
X AU AU, — Y
XiANUj1 AU, — Yy (3)
X1 AU 1 AUy, — Y, V# 1
[IpuBeneHHpie BbIme GOPMYJIbI  yIOOHO
aHAJIM3UPOBaTh B BHJAC CBOJHBIX TaOJIHII
UCTHHHOCTH (Tabi. 1).
Cucrema (3) wm crpokm 9-11 Tabm. 1
MPEJICTABISAIOT CcO00M  OMHMCaHWe BHENIHUX

MPU3HAKOB OTKa3a THAPOCUCTEMBI. [IpocThiM
SA3BIKOM 9TO MOXKHO OIHCATh CIEAYIOLUUM
00pazomM.

Cmpoxa 9. KOpoTKo: «KaTBEHHAasl 4acTU HE
BO3BBIIIAETCS. [TonpoOHo: «IBUTATEIb
paboTaer; KaTBeHHas 4acTb HE HAXOJIUTCS B
KpallHEM BEpXHEM IIOJIOKEHUHU; KJIaBHIIIA
«MOAbEMa/OMyCKaHusT ~ YOOPOYHOM  4YacTu»
nepeBe/ieHa B MOJIOKEHHE  «IOJBEMY;
MOJIO’KEHHE YOOPOUHOU YacTH HE U3MEHHIIOCH.

Taoauna 1. Tabnuia HCTHHHOCTH OTKA30B I npotecca 1
Table 1. The truth table of failures for process 1

Ne Xj,j#1 X1 Uiq Uiz Y; OTKa3
1 0 0 0 0 0 0
2 0 1 0 0 0 0
3 0 1 1 0 0 0
4 0 1 0 1 0 0
5 0 0 1 1 0 0
6 0 0 0 1 0 0
7 0 0 1 0 0 0
8 0 1 1 1 1 0
9 0 1 1 1 0 1
10 0 0 1 1 1 1
11 1 0 1 1 1 1
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Puc. 2. YpoBHH HepapXu4ecKkoil CTpYKTYpBI CUCTEM U arperatoB rujgpocuctemsl JJon-1500b
Fig. 2. Levels of hierarchical structure of systems and assemblies hydraulic Don-1500B

Cmpoxa 10. KopoTKo: «caMONpOU3BOJIBHOE
MoAHATHE KaTKku». [loapoOHO: «IBUTATEND
paboTaer; >kaTBEeHHas 4acThb HE HAXOJUTCS B
KpailHEM BEpXHEM IIOJIOKEHUU;, BCE KIIABHUIIHN
YOPABIECHUS «IIEKTPOTUIPABINKA» HAXOMATCS
B HEUTpPAJbHOM  TOJIOKEHHUH;  TOJIOKEHHUE
yOOpOYHON YacTH OTHOCHTEIHHO 3E€MIIH CTallo
BBIIIIE.

Jns omnucaHuss  BO3MOXHBIX  OTKa30B
MIPOBEJIEM pa3jelieHue cucTeM KomoOaifHa, TO
€CTh PAaCCMOTPUM AUArHOCTUYECKYIO MOJIETh Ha

0ojee  HU3KUX  YPOBHAX  HepapXUUYECKOM
CTPYKTYpHI (pHC. 2. — YPOBEHb 1).
B3aumopeiictBue = MeXAy — OTICIbHBIMU

cucreMaMM KoMOaifHa OCYIIECTBISETCS IO
BHYTPEHHUM BXOJlaM M BBIXOJIaM, KOTOpbIE HE
BXO/JISIT B KOHTYp OOMEHA «OnepaTop—MaIlInHa.

BryTpeHHue BBIXO/IbI

ANEKTPOOOOpPYIOBAaHUS  —  3TO nojaava

HanpsbkeHuss (24 B) Ha pacnpenenurenu c
AIIEKTPOMAarHUTHBIM yrpaBieHuem: OM1 — Ha
QIIEKTPOMAarHUTHBIA ~ KJamaH  yNpaBJICHUEM
OMK; EM2 — Ha JeBbIi 2JIEKTPOMArHUT CEKITUU
«10JITbEM/OIYCKaHUE KATKU» MATHCEKIIUOHHOTO

aNeKTporuapopo3noauwiabauka; EM3 - Ha
MpaBbld  DMEKTPOMATHUT CEKIMH  «IOAbeM/
OITyCKaHUueE JKaTKn» IIATUCCKIIMOHHOT' O

aNeKTporuapopo3noausibuuka; E4 — Ha neBblit
SJICKTPOMArduT CEKIMHU «IIOBOPOT BBII'PY3HOT'O
LIHEKa» YEThIPEX CEKLIMOHHOIO
AIEKTPOTUAPOPO3NOAWIIbHNKA; ES — Ha mpaBbIit
AJEKTPOMATHUT CEKUUU «IIOBOPOT BBITPY3HOT'O

HTHCKa YCTBIPEX CECKITMOHHOTI'O
QJICKTPOTUAPOPO3NNOAUIIbHUKA. BHYTpeHHI/IC
BBIXO/JbI 3neI<Tp0060py)1013aH1/1$[ SABIIAKOTCA
BHYTPCHHUMU BXOoaaMu THUAPOCUCTEMBI

(Internal outputs-inputs).
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BuyTtpennue BpIXonbl ruapocucteMsl: P1 —
YCUIIHS Ha  IITOKax  THAPOLWIMHIPOB
M0JIbEMA/OITYCKaHHSI KATKH, JOCTATOUYHYIO IS
nogbemMa ybOopouyHoi uactu; P2 — ycunme Ha
MITOKaX TUAPOLUMIMHIPOB MOIHEMA/OITYCKAHHS
yOOpPOYHOM YacTH, HE MPENSTCTBYET OMyCKaHUS
yoopouHoi wyactu (MOA ACHCTBHEM  CHUIBI
TsokectH); P3 —  ycuiame  Ha o IITOKE
TUIPOLMIIMH/IPA TT0BOPOTA BBITPY3HOIO IIHEKA,
JIOCTaTOYHOE JJIsi MepeBoja IHEeKa B pabodee
nosoxxenne; P4 -  ycunme  Ha  LITOKe
TUAPOLMIMHAPA OBOPOTA BBITPY3HOrO IIHEKA,

J0CTAaTOYHOI'O JUIA nepeBoia IITHCKa B
TPAHCIIOPTHOC ITOJIOKCHHE.

IToxg «I0CTaTOYHbIM YCUIIUCM» B
IIPUBCICHHBIX OIMINCaHHAX BBIXOJ0B

MOHMMAETCA Takas cuja, KOTOopas CIOCOOHa
00eCreunuTh BBIMOJIHEHHE COOTBETCTBYIOIIETO
mporecca TpU YCIOBHH HAXOXKIEHHS JIPYTrUX
(MEXaHMYECKUX) CHCTEM B paboTOCIIOCOOHOM
COCTOSIHUH.

BHyTpenHue  BBIXOABI  THUAPOCHUCTEMBI
SBIISIIOTCSL BHYTPEHHUMH  BXOJaMH  JAPYTHX
CUCTEM, KOTOpbIE MPEBpAIIAlOT 3TH BXOJBI B
BBIXOJIBI TIPOIECCOB (pHC. 2. — YPOBEHB 2).

OcHoBHY!0 THApocUcTeMy KoMOaitHa «JloH-
1500b» nenecooOpa3HO NPEACTaBIATH, Kak
COCTOSAILIYI0O M3 CTaHAAPTHOM M OTIMYHBIX
yactel (puc. 2. 2 — i ypOBEHB).

CranpapTHas 4acTh oOecreyMBaeT Mojady
Macna (HarHetanue — «H») paboueil xugkocTu
B pa3elbHBIX YaCTIX, KOTOPbIE paclpeaessioT
MOTOK paboyell XKUAKOCTH M MPEBPAIAIOT ee

OHEPTHUIO BO BHYTPCHHUC BBIXO/bI
THAPOCUCTEMBIL.

HpI/IHI/IMaH BO BHUMAHUC, 4qTo BCC
IMPHUBCICHHBIC BBIIIIC BXObI n BBIXO/bI
SABJIIFOTCA JJOTNYCCKUMHU NEpEMCHHbBIMU,
MOJACIN  BO3MOXXKHBIX OTKa3OB  OIIMCAHHBIX
CUCTEM MOXKHO IMPpEACTaBUTDb B BHUAC
JIOTUYCCKHUX  BBIP a)KeHI/Iﬁ, INPpUBCACHHBIX B

tabnune 2. J[ns ynpouieHus: onucaHusl OTKa30B
AJEKTPOOOOPYOBAaHUS U JAPYTUX  CHCTEM
(MCTIONMHUTETIFHBIX MEXaHW3MOB) B CTAaThe HE
NIPUBOIATCH.

VYkazaHHBIE  OTKa3bl  XapaKTepH3YIOIIHe
TEXHUYECKOE COCTOSHHUE TOJICUCTeM KoMOaiiHa,
KOTOpbIE B CBOIO O4Yepelb COCTOAT U3
MHOKECTBA arperaros, JeTaJIen. Jlost
BOCCTAHOBJICHHS paboTocrnocoOHOCTH
HGO6XO)II/IMO IMPOABJIATE OTKA3bl 3JICMCHTOB Ha
TOM  ypOBHE  HUEPAPXUUYECKON  CTPYKTYpPHI

MallMHBl, HAa KOTOPOM 3TO BOCCTAaHOBJIICHHE
HauOosiee  d(ddexkTuBHOE IS YCIOBHM
KOHKPETHOTO TIPEIIPHUSTHSL.

Taxkum obpazom, nmpu  paspaboTke
VHHUBEPCATbHBIX CPEACTB JTUArHOCTHPOBAHUS
1[e1ecO00Pa3HO BBISBICHUS OTKA30B Ha HU3KOM
ypoBHE (TO €CTh C «3amacoM» TIyOWHBI
JTUArHOCTUPOBAHUS ).

B cBsi3M ¢ 3TUM «IBW)KCHHE BHH3» IO
UepapXuu MNPOAODKUM I TUIPABINYECKOM
CUCTEMBL.

Cucrema COCTOMT U3 THIPABIMYECKOTO
Oaka, mecrepenuatoro Hacoca HIII-32-3 ¢
MPUBOJIOM,  MPEJOXPAHUTEIHHO-TIEPETUBHOTO
kinarnana (3I1K), snekTpoMarHUTHOrO KIiamaHa
(OMK). IlepeuncneHHbIE 3JIEMEHTHI CBSI3aHBI
MEXIy CO00O H ¢ OTJIMYHBIMA YacTSIMH
THJIPOCHUCTEMBI TPYOOIIPOBOJAMH.

Bo03MOXHBI 0TKa3bl HEKOTOPBIX 3JIEMCHTOB,
WX TIPUYUHBI U METO/bI YCTPAHEHHUs TIPUBEICHBI
B Tabuie 3.

OmnucaHHBIM IOAXOX €CTh METOIHYECKOH
OCHOBOW TpoeKkTupoBaHus 0a3pl 3HaHWd AT
CUCTEMBI JJISi TEXHUYECKOTo OOCITYKUBAHUS U
JUArHOCTHKYU 3€pHOYOOPOYHBIX KOMOAIHOB.

P C3YyJIbTAThI TCOPCTHYCCKHUX n
MPAKTUYCCKUX HCCIICTOBAHUM IIO3BOJIHMIIN
pcaIn30BaTh HHTCIUICKTYAJIbHYIO CUCTEMY

HOJJICPXKKH Ofeparopa B mporeccax cOopa u

aHanmu3a  WHQOpMAIMM O  TEXHUYECKOM
COCTOSTHUU MaITHHBI 0e3 U3MEpEHUS
TUATHOCTHYECKUX I[apamMeTpoB — TO €cCTh
HMUTHPOBATH paboty

BBICOKOKBIM()UIIUPOBAHHOTO CIEIHAINCTa B
00JaCTH TEXHUUYECKOMN TMarHOCTHKU.

Ha «kadenpe texHuuyeckoro cepBuca u
WH)XEHEPHOTO MEHEDKMEHTa UM.
M. II. Momorerko HVYbull VYkpaunsl 1o
JTAaHHOM METOJIUKE paspaboTana u
coBepmieHcTBYeTcst AT mHTe/mIeKkTyajabHas
cucreMa (puc. 3) B BHIEC KOMIIBIOTEPHOI
IPOTPaMMBlI. S3bIK IPOTpaMMHUPOBAHUS
comemniatenbHO cuctembl — Delphi 7, a 6aza
nansbix Firebird 2,5. Jlannas nporpamma umeet
ciemyromui yHKITMOHAI:

— OIHCaHHe
3epHOYOOPOYHBIX KOMOAWHOB;

— TpeaBapuTeNbHAsS HACTpPOWKa paboumx
OpraHoB KoMOaiiHa;

—  KOPPEKTHPOBKHU TEXHOJIOTUYECKUX
PETyIMPOBOK M MTOMCK HEMOJAIOK B arperarax u
cucTemMax.

KOHCTPYKLIUU
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I[TOCTPOEHHME AT CUCTEMbI JUAT'HOCTHUKHU

3EPHOYBOPOYHbIX KOMBAMTHOB HA OCHOBE FA3bl 3HAHUIA

Tabauua 2. Mojenu oTka3zoB ruapocucteMsl kombaiina JJOH-1500b

Table 2. Model failure of the hydraulic system of the harvester " DON-1500B

pu paboTarolieM JBUraTesie ¥ OTCYTCTBUU HanpsbkeHus Ha DMK

dopmanbHOe
Bepb6anbHoe onucanue
OIHCaHue
Omxa3z cmanoapmmuoi yacmu 2u0poCcucmembl
OTCYTCTBYET I0/1a4ya >KUKOCTH MO «pab0ouruM» TaBICHUEM B ITOJIOCTh EM1AS q
—
HarHeTaHus Ipu paboTarolieM JBUrarese U Haluuuu HanpspbkeHus Ha DMK 1
EcTh mogada »XuIKOCTH MO «pabodrMy TaBICHUEM B IMOJIOCTh HAarHETAHUS e
P EMIAS, — H

Omxkaz omauyHbix yacmetl eudpocucmesz

dynxyus «lonpem/onyckanue KaTku

OTCyTCTBYET yCUIIUs, IOJHUMAET KATKY, HA IITOKAX THAPOLMINHIPOB IIPU
HAJIMYUU TI0JA4H KUAKOCTH OT CTAHJAPTHOM YacCTU U HAIIPSDKCHUS Ha JIEBOM
DIIEKTPOMArHUTE CEKIUH «IIOIbEM/OIyCKaHHE YOOPOUHOU YaCTH»

EM2 AH — P1

Ectb ycniis, KOTOpOC NOAHUMACT KAaTKy, Ha IITOKAX TMAPOLIUINHAPOB IIPpHU
HaJIMYHUHU I10Ja91 XKUJKOCTH OT CTaHI[apTHOfI 4YaCTH U OTCYTCTBUU
HaIIPAXKCHUA Ha JICBOM J3JICKTPOMAIrHUTC CCKIINH ((HOI[T)CM/OHYCK&HI/IG

EM2ANH — P1

OTCyTCTBYET «IociabaeHue» yCumus, yAepKUBAET KaTKy, Ha MITOKaX
TUIPOLIMIIMHAPOB IPU HATMYUHU OAAYH )KUAKOCTH OT CTaHIAPTHOM YacTH U
HANpPsUKECHHS Ha IPABOM 3JIEKTPOMArHUTE CEKITUH 10 IbeM/OITyCKaHHe

EM3 AH — P2

Ectb  «iocnabnenue»  ycunusi, yIEp)KUBAeT  JKaTKy, Ha  IITOKax
CUAPOLMUINHAPOB IIPU HAIWYUK IOJAYU JKUIKOCTU OT CTAHAAPTHOM 4YacTU U
OTCYTCTBHM  HAIpPsDKEHWsT  HAa  IIPaBOM  JJIEKTPOMATrHUTE  CEKLHH

EM3 ANH — P2

EcTb «ocnabieHue» ycuins, yaepKuBaeT jKaTKy, Ha IITOKaxX
"M JIpOLMIIMHIPOB Ipu oTcyTcTBUM nojgauu PXK oT ctanaptHoi yacTu

H — P2

@ynxyus «I10BOpOT BHITPY3HOTO IIHEKA»

OTCyTCTBUE yCUIIHS, IEPEBOJIUT IIIHEK B paboyee MONI0KEHHE, Ha IITOKEe
TUIPOLIMIIMHAPA TPU HATMYUHU TOAAYH )KUAKOCTH OT CTAHJAPTHOM YacTy U
HANPsLKEHUS HA JIEBOM JJIEKTPOMArHUTe CEKIIMU «ITIOBOPOT BBITPY3HOTO

EM4 ANH — P3

Ectb ycunus, mNepeBOAUT IIHEK B pabodyee TOJOKEHUE, Ha IITOKE
TUJIPOLMIIMHIPA TPH HAJIMYUHU TMOAAYU SKUIAKOCTU OT CTaHJApTHOW YacTu Y
OTCYTCTBUM HANpPSDKEHUST Ha JIEBOM DJJIEKTPOMArHUTE CEKIHMH «I1OBOPOT
BBITPY3HOTO IITHEKA)»

EM4ANH — P3

OTCyTCTBI/Ie yCuiivs, ICPEBOANT IIHEK B TPAHCIIOPTHOC ITOJIOKCHUE, HAa IITOKE
TUAPONUIIMHAPA TP HAJIMYWUU [TOAaYU KUJAKOCTH OT CTaHHapTHOﬁ 4aCTu 1
HAITPSXKCHUA HAa ITPABOM 3JICKTPOMArHuTC CCKIIMU KITOBOPOT BBITPY3HOT'O

EM5AH — P4

EcTe ycwnus, NEpeBOAMT IIHEK B TPAHCIIOPTHOE IIOJOKEHHE, HA IUTOKE
TUAPOLMINHAPA NPU HAIWYUU IOAAYU KUIKOCTU OT CTaHJAPTHOW 4YacTU U
OTCYTCTBHE HAIIPSDKEHUS HA NPABOM JJIEKTPOMArHUT CEKLIUH <«IIOBOPOT
BBITPY3HOI'O LITHEKa»

EM5AH — P4

Ectb ycniys, NCPeBOAUT IIHCK B TPAHCIIOPTHOC IMOJIOKCHHUE, Ha IITOKC

THAPONUIIMHAPA IIPH OTCYTCTBHUH ITOAAYUN )KHUJIKOCTHU OT CTaH}IapTHOfI qacTHu

H — P4
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Tabauna 3. OTka3bl 2JIEMEHTOB CTaHAAPTHOMN YacTH

Table 3. Failures of elements standard parts

Onucanue ‘

[Tpuunnb

‘MGTOI[BI IPOBEPKU U YCTPaHEHUs

2uopobax

HOPMBI

1 — YpoBeHb KUIKOCTH HUKE

CkadaThb Macjio B CUCTEMY
HarocraTrcjicm

EcTh mogaya )KUIKOCTHA BO

2 — 3arps3HeHo canyH rujipo6aka (O4iCTUTD CallyH OT MbUIM U TPS3H

BCACBhIBAIOINI pyKaB
Hacoca

3 - Boznymnas nmpo6Oka B
BCACBIBAIOIICM PYKaBe

OTcoeMHUTh pyKaB OT Hacoca H
yIadUuTh  BO3AYX,  JOXIABIIHCH
IOSIBJICHUS Maciia B pyKaBe

Hacoc u npusoo nacoca

EcTtb mojayda »KUIKOCTH B

1 — OmmbKky MOHTaXa Hacoca
MOJIOCTh HarHeTaHus (Ipu MU 1e(DEeKTHI AeTaiei mpuBoIa

[loaTaHyTh peMeHb NPUBOAA, WIH
3aMEHUTH JCPEKTHBIC ACTATN

paboTarorieM Ha
HOMHUHAJIBHBIX 000pOTax
ITBUTATEJIC)

HIII-32-3

2 — JledekThl AeTanield Hacoca

HpOBepI/ITb COOTBCTCTBHC IIOJa4H]

Hacoca YCTaHOBJIEHHbBIM
TpeOOBaHUSM. B ciryuae]
HECOOTBETCTBUSI 3aMEHHMTh HAco(

! [peooxpanumenbHo-nepenusHoll Kianam

ECTb CJIUB KUJIKOCTH
omuoOKu coopa

1 — JlebexTn! neraneit wim 151

Pazo6parte 3IIK, nmpoBeputh netany
coOpaTb B COOTBETCTBUHU (|
TEXHUYECKON JTOKYMEHTAlUEH, WIH
3ameHuTh 311K

1 — 3acopenue ceiia 30JI0THUKA
(MHOPOHOE TEJIO0 MEXKTY
30JI0THUKOM U CEJJIOM)

CHATh HAarHETATENbHBIM  (IIaHel]
3IIK ¥ HeckoJabKO pa3 Haxarb Ha
KJIaraH JuIsl yJaajaeHust 3acopa (Io|
MpeKpalieHus OOWIBHOM  yTeuKH
Macia), uin 3ameHuTh 311K

IIocTOSIHHBIN CIUB
PKHUIKOCTH

2 — 3acopenue cemia
MPEIOXPaHUTEIBHOTO KiTalaHa

OTBCPCTHA KJIaIlaHa

3 — 3acopeHI/Ie APOCCCIIBHOTO

azo6pars 311K, ounctuts netanu u
coOpaTh B COOTBETCTBUU C
TEXHUYECKON JOKYMEHTALMEN, Hn

OIIIMOKY MOHTAa)Xa

4 — JleexTsl geraneit unu

3ameHuTh 311K

OTO0 MO3BOJISAET JaHHOW CHUCTEME BBICTYIATh
COBETHUKOM  IIOJIYYCHHBIX  PE3yJIbTATOB U
MO3BOJISIET  OKa3aTh  KBAIM(QHUIMPOBAHHYIO
[IOMOILb IIPU DBKCIUTyaTallu¥, a TIJaBHOE B
JUArHOCTHKE — HEMOJIA0K.

Hannas AT cucrema Moxer paboTaTh B
IBYX peXuUMax MpUOOpeTeHHs] 3HaHUM ¢
peuieHus 3a1ay.

B pexume npuoOpeTeHust 3HaHUI UHXXEHEP
BMECTE€ C MAacTepOM-TUarHocToM (HOPMUPYIOT

0a3y 3HaHuUH, n00aBiAs B 0Oa3y 3HaHMH
BO3MO)KHBIE HEIOJIAJKH W TPUYMHBI, KOTOPBIE
UX BBI3BIBAIOT, 1 BECOMOCTb Ka)KJJOU MPUUNHBI.

B pexume pemenus 3agau ¢ AT cucremoit
oOmaercss MOJb30BaTeNb, BBIOMpas HYKHBIH
KOMOaifH U CUCTeMY, ITOJICUCTEMY H, OTBEYas Ha
nojackaskn AT cucrema nMeeT BO3MOXKHOCTD
BBISIBUTh HETONAJIKY, " MOJIYYUTh
PEKOMEHJIALINH 110 €€ PEIEHUIO.
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HHOCTPOEHHE AT CUCTEMbI TUATHOCTHUKH .
3EPHOYBOPOYHLIX KOMBAMHOB HA OCHOBE GA3bI 3BHAHNUUN

= |3 3epHosbupantHi komBaiH ACROS
1[5 MonoTapka
[ Kopnyc
= [38 MonoTuneHMil nprcTpii
[ Bapaban
- [38 OwmcTka
[] BenTunaTop
- -[38 Peweta
[ Bepxre
[ HikHe
[ Nopossxysay BepxHeom peweTa
-1-[38 ConomoTpac
[ Knasiuwi
=138 ByHKkep Ta BMMY3HWIT NpMCTRIR
[ PeaykTop BMMYsHOM wHeka
-1-[38 MgpasnidHa cucTema
=] ]j OCHOBHa fgpoCcUCTEMS
[ rigpoBax
[ Hacoc HW-32-3
[ 3anonixHo-nepenne i knanaH
[ EnekTpo-mamiTHuil knanaH
= 13 EnexTpongpoposnoginsHMKM
[ 4-x cexuimmii
[ 2-x cexujimmi
[ 51 cerujimin
=[5 Mgpoueningpu
[ Nayrsxepi
[ Nopuresi
[ crevjaneri
[ Macnonposoau
+ gj EnexTpoobnagHaHHA
+ {3 CucTema MIKpoKnimaTy
. 3 e,
+ [ 28 MoTopHO-CMNOBa YCTaHOBKa
+ [ 38 PoBioue micug
+ [38 ¥oposa cucTema

RSM 161

AHaTeeHa YacTuHa

HaTka nigiimasTeca?

Knagiwa "MigHimMaHHA/ONyckaHHa" Nepesegera y nonoxkeHHa "Migiom"?

Mepesedite knasiwy "MigiMmaHHA/0NyckaHHa" B NoNoKeHHa "OnyckaHHa". XaTka onyckaeTeca? —

Mapka (Mogenk) 3epHO3EMpanbHO M KomBaiHa

N7

Onvc cneupdiki poboTr

)

CKNaf0Bi YacTHHM

r

L 8 PernameHT TexHivHor ofcnyosyBaHHa

N/

Bigx1neHHa 6 poboTi

[ ] He onyckaeTbca

[ He nigifmaeTbca

JaiTe BigNoBigi Ha HACTYNHI NMTaHHA

= - | | Tak =
HaTka SHaX0AMTHCA ¥ KRAMHBOMY BEPXHBOMY NONOKEHHI? — r 2 N

=
')
p s

Puc. 3. O0mwuii Bug okHa AT THarHOCTHYECKON CHCTEMBI
Fig. 3. General view of window at diagnostic system
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BUILDING AT DIAGNOSTICS OF
COMBINE HARVESTERS ON BASIS OF
KNOWLEDGE BASE

Summary. When solving the tasks of control of
technical condition of the car is considered the
outline of the exchange, which is of interest as a
source of information about the technical
condition of external signs of failure. Under
external sign of failure refers to the failure
criterion of the element object, which is
perceived by human sensory without the use of
external technical diagnostics.

The technique build at system based on the
elements of the knowledge base for diagnostics
of combine harvesters, based on external
characteristics and contains information about
the failure of the hydraulic system of combine
harvesters, their causes and methods of
elimination.

The mode of acquisition of knowledge engineer
with a master diagnostician form the knowledge
base, adding to the knowledge base of possible
problems and reasons that cause them, and the
weight of each reason.

In the mode of solving problems at the system
communicates with the user by selecting the
appropriate processor and system, subsystem
and, in response to the prompt at the system is
able to determine the problem and to
recommendations for its solution.

The materials are part of the knowledge base at
the system that contains information about
failures of combine harvesters by their
appearance, the causes of problems and
recommendations for their elimination, were
based at the diagnostic system.

The use of the developed intelligent Advisory
system will allow you to control the technical
condition of the machine and eliminates the
need for heuristic processing large amounts of
information and analysis of complex interrelated
processes.

This reduces the requirements for operator skill,
the level of application of technical means of
diagnosis.

Key words: diagnostics, failure knowledge
database, the at system, hydraulic system.
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JAEUCTBUSA C ABYXKAMEPHBIM KOJUVIEKTOPOM

Bacunuiit Auxeeuu, Oxcana Aukeeuu

Hayuonanonuiii ynueepcumem 6uopecypcos u npupooonoib308anus Ykpaunsl
yi. 'epoes Oboponwl, 2. Kues, 15 Ykpauna. E-mail: kovalenko _05@mail.ua

Vasyl Achkevych, Oksana Achkevych

National University of Life and Environmental Sciences of Ukraine
Str. Heroiv Oborony, 15, Kiev, Ukraine. E-mail: kovalenko_05@mail.ua

A”oraumsa. IIpoBeneH aHanu3 BIMAHUSA
PEXKUMHBIX  XAPaKTEPUCTUK  HCIOJIb3YEMBIX
JOWJIBHBIX anmnapaToB Ha KauecTBO
MOJIyYEHHOT'O MOJIOKa IPH JOEHUU B BEPXHUU
MOJIOKOIIPOBOJ. Paccmotpensl YCIIOBHS
PaBHOBECHSI JBUKEHUS MOJIOYHO-BO3AYIIHOM
CMECM M TIOTepU [JaBJICHUS B MOJOYHOM
nutanre. Ha  ocHOBaHMM — TE€OpETHUECKHUX
WCCTIEOBAHUN  JIBYXKaMEpHOTO  KOJUIEKTOpa
JOWJIBHOTO anmnapara OIPENIETIEHO
ONTUMAJIbHOE  KoJeOaHWe  JaBlieHUs B
MOJIOYHOM LUIAHTE. Ha OCHOBaHUH
MOJIYYCHHBIX YpPaBHEHUH OBLIM TOCTPOSHBI U
MIPOAHAIU3UPOBAHBI rpaduyeckue
3aBUCUMOCTH  KOjeOaHUsI  NTaBlIeHUS  TpHU
W3MEHEHUU JuaMeTpa MOJIOYHOrO IIJJaHTra Ta
KOJIMYECTBA BO3/yXa. B pe3ynbrare
000OCHOBAaHO HCITIOJIb30BaHUE JIBYXKaMEPHOTO
KOJUIGKTOpa C  TEPUOJUYECKUM  BITYCKOM
BO3/lyXa B TakT€ CXaTuig B JIOWIbHBIX
anmaparax C  IyJbCaTOpOM  TOMApPHOTO
JEUCTBUSA s IOEHUA B BEPXHUU
MOJIOKOTIPOBO/I. Omnpeneneno JTUaMETP
MOJIOYHOTO [UTaHTra u KOJIMYECTBO
MOCTYIMaeMOro  BO3[yXa, TMpPU  KOTOPBIX
pEXUMHBIE XapaKTEPUCTUKU paboTsI
JOUJBHOTO  ammapata OyayT OMu3KM K
MPUPOJIHBIM YCJIOBUSIM BBIBEICHUSI MOJIOKA.
JluameTp MOJIOYHOTO TIIJITaHTa TP ITOM
JOJKeH OBITh OKOJIO 12 MM, a KOJHUYECTBO
MOCTYIAIOIIET0 BO37yXa B TaKTE€ CXaTUs B
npeaenax 4-6 I / MUH Monoko
TPAHCIIOPTUPYETCS B MOPIIMOHHOM PEXHUME U
Ha 10-15 % yMmeHbIaeTcst B30alThIBaHHUE, YTO
COXpaHseT KaueCTBO MOJIYYCHHOTO MPOIYKTa.

KuroueBble cJjioBa: JIOWJIBHBIN amnmapar,
KOJUICKTOP JOWJIHOTO armapara, MalliHHOE
JIOCHHE, IMYIHCATOP MONAPHOTO JIEUCTBUS.
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ITOCTAHOBKA ITPOBJIEMbI

B nacrosimee Bpemst 6osiee 80% KOpoB B
VYKpauHe cojiepkaTcs Ha NPUBS3H U JIOATCS B
CTOMIaX B MOJIOKOIIPOBOJ.

HOBTOMY AKTYAJIbHOCTb  HCIIOJIb30BAHUS
BCPXHETO MOJIOKOIIPOBOJA JOCTAaTOYHO
BBICOKA.

Ho pownpHBIX anmapaToB, IOJHOCTBIO
OTBEYAOIIUX (DU3UOJIOTHUCCKUM TPEOOBAHUAM
JKMBOTHBIX ¥ MUHMMAJIBHO BIMSAIONIMX Ha
MUKPOCTPYKTYPY MOJIOKa 110)
TPAHCIIOPTUPOBKE, MPaKTUYECKU HE
cymtectByer [1-8].

[TpoBenenue nccneqoBaHUM HAMPABIEHHBIX

Ha CO3/IaHHe JOUIILHOTO amnmapara
OTBCHAKOUIICTO JaHHBIM Tp€6OBaHI/I$IM SABJISICTCS
aKTYyaJIbHBIM.

OcHoBHOI npoOaeMoit JOWJIBHOTO

anmnapara MonapHoro JEHCTBUS MPHU JTOEHUU B
BEPXHUN MOJIOKOIPOBOJI SIBJISIETCSI HETATUBHOE
BIIUSIHUE MOCTYIIaEMOT'0 BO3/lyXa Ha
MUKDPOCTPYKTYPY MOJIOKa npu ero
TPAHCIOPTUPOBKE MO MOJIOKO MPOBOJHOMY
IUIaHTY, O0Opa3oBaHME MAacCJsHBIX 3€peH,
KOTOpPBbIE€ OCEJIal0T Ha CTEHKAX MOJIOKOIIPOBO/Ia
U TEPSIIOTCS TPU MPOMBIBKE CHCTEMBI, a TaKKe
HEraTUBHOE BJIUSHUE HA 3/I0POBbE )KUBOTHOTO.

Jnst 2pGdEeKTUBHOTO TMOAHATUS TTOPIHH
MOJIOYHOM CMECH HYXHO CO3/aThb TaKylo
Pa3HMIy JIaBICHUH MEXAY KOJJIEKTOPOM
JOWJIBHOTO amnmnapara M  MOJIOKOIPOBOAOM
YCTaHOBKH, TPU KOTOPOH oOecreymBaeTcs H
U3BJICYCHHE MOJIOKA, U KOM(POPTHOE COCTOSIHUE
KOPOBBI.

I[Ipy »>TOM HE [NOMKEH  BO3HUKATH
JIMCTIEPTUPOBAHHBIA PEXKUM TEUEHUS MOJIOKO
BO3IYILIHOW CMECH.
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AHAJIN3 TTOCJIEJHUX UCCJIEJOBAHUIA
1 IYBJINKALIAIA

B HacTosiiee Bpemst cyiiectByer psii paboT

ITOCBAIICHHBIX HUCCICOOBAHUAM JABMOKCHU A
MOJIOKO BOSI[yI.HHOﬁ CMECu 110 MOJIOKO
IMIPOBOAHBIX KOMMYHUKAIIUAX JOHJIBHBIX

YCTAHOBOK M aIlllapaToOB PAa3HbIX THUIIOB. Yactb
HCclIeIoBaTeIe CUUTAKOT, YTO IIOIIApHOC
AOCHUC YJIy4YIIACT MACCAK BEIMCHHU U COCKOB U
YCUIUBACT HMHTCHCHUBHOCTH TPAHCIIOPTHUPOBKU

Mosioka. HenmocrarkoM nomapHOro pexuma
JO€HHUs.  SIBJIAETCSL  OTCYTCTBME  INIyOOKOTO
UKIMYECKOT0  KoiebaHus  BakyymMa B

KOJUICKTOPE JOWJIBHOTO arfmapaTta B TakTe
oxkatus.[3, 9, 10].

Hpyrue HCCIIEa0BaTEIN npeaiararoT
HCIIOJIE30BATh IIOWIbHEIE anmaparsl
CUHXPOHHOTO JICHCTBHS, B KOTOPBIX KOJICOaHUE
BaKyyMa B TaKTe C)KaTusi Ooyee riryOokue u
mukanyaeie [11, 12, 13].

KonebarenbHble  ABMIKEHHS  IOJABECHOM
YacTH JOWJILHOIO alfmapara IpH IOHNapHOM
JOCHUW OKAa3BIBAIOT JIyYIllee MAaCCAKUPYIOIIEe
JeiicTBUE Ha TKaHW BbiMenu [2, 4, 14, 15, 16].
HenocraTtounas  BenwuMHa  Bakyyma B
MMOJCOCKOBOM IPOCTPAHCTBE MPUBOIUT K
HEMOJIHOMY BBIJJAMBAHUIO, & €€ YBEIUYCHUC
CHOCOOCTBYET MOBBIIICHUIO MOJIOKOOTa4H, HO
B TOXKE BpEMs CO37a€T PHCK TPaBMUPOBAHHS
CTEHOK CcOCKa BbIMeHH. [Ipu 3TOM Ha MOIHOTY
BBIIAMBAHUS U COCTOSHHE COCKOB HETaTHBHO
BIUSIET CTAOMIBHO BBICOKHM BaKyyMm TOJ
COCKOM.

Y OOoNbIIMHCTBA JOWIBHBIX yCTaHOBOK
rporecc JIOCHUS MIPOUCXOTUT npu
BakyymmetrpudeckoM nasienuu B 40 klla. s
YCTaHOBOK CO CTOWMIJIOBBIM MOJIOKOIIPOBOIOM
ONITHMANbHEIM cunTaeTcsa gasieHue 42-46 xlla
[1,2,3,4].

Mexny BakyyMMETPHUECKUM JaBICHUEM U
CKOPOCTBIO H3BJICUYCHHS MOJIOKA W3 BBIMEHU
AMEETCs npsmast 3aBHCHMOCTb.
BakyymmeTprudeckoe JIaBiCHHE B Ipejaesiax
40kIla aGcomroTHO O6€30MacHO IS 3I0POBBS
KUBOTHBIX. [IpM  yMEHBIIEHWU  BaKyyM-
METPUUYECKOTO JIaBIE€HUS B  TOJCOCKOBBIX
Kamepax JowibHOro crakana no 27-33 klla
MIPOUCXOUT HETMOJIIHOE PACKPBITHE CPUHKTEpA
COCKa KOPOBBI, ¥ TIOTOK MOJIOKA TIPEKpaIiaercs,
YTO TMPUBOJTUT K CHIDKEHUIO CKOPOCTH JIOCHHSI,
o0meMy  MageHUI0  MPOAYKTMBHOCTH U
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KauecTBa MOJIOKA. BBICOKMI ypOBEHb BaKyyM-
MeTpuueckoro pgasienus cBbime S50  klla
COKpallaer BpeMsi BbIJIAaUBaHUs, HO IUIOXO
BIMSIET Ha 370pOoBbe >XuBOTHOro [2, 4, 8].
Kpome pa3pylieHus TKaHel BBIMEHU
MPOUCXOJUT  3HAUUTEIIBHOE  IMEepeMelIeHUE
JIOWJIBHOTO CTaKkaHa BBEpPX II0 COCKY, 4YTO
MIPUBOJIUT K HapyIICHUIO npoiecca
MosiokooTAaun. CpaBHUBAs JABYXTAKTHBIM U
TPEXTAaKTHBIX JOWIbHBIA ammapaT MOXHO
CeJaTh BBIBOJ, YTO C (PM3MOJIOTHIECKON TOUKU
3peHus TPEXTaKTHBIN arnmapar McHee
TpaBMOONAaceH AJii OpraHu3Ma >KUBOTHOIO, B
TO BpeMs KaK JIBYXTAKTHBI UMEET OOJIBIIYIO
MPOU3BOJUTENHLHOCTh 32 CUET YBEIWYCHUS
BpEMEHU TaKTa COCaHMs, HO paboraer Ooiiee

JKECTKO. EIMHOro MHEHHsT 1O  BOIpPOCY
ONTUMAJIBHOTO BAKYyMHOI'O pexnma
JowibHOro amnmapara HeT. (CuuTaercs, 4YTO
(GU3HONIOTHYECKH  ONTHUMAIBHBIM  SIBJISETCS

PSKHUM JIOCHHS C IMaJICHUEM BaKyyMa B TaKTe
cocanusa B mpexnenax 6 - 8 klla, a B Takrte
cxatus o 20 x[la [11, 12].
TpancnopTupoBaHUe MOJIOKA OT JOUIBLHOTO
amnmapata B MOJIOKOIIPOBOJ COIPOBOXKIAETCS
NaZeHueM BaKyyMMETPUYECKOTO JaBJICHHUS,
BCJIC/ICTBHE BITyCKa aTMOC(EPHOTO BO3IyXa B
KOJIJIEKTOP JOWIBHOTO anmnapara. B pesynbrare
9Yero BO3HHMKAIOT CHJIBI, 00ECIIEYMBAIONINE €ro
JIBIKEHHE BBEPX 10 MOJIOKO MPOBOJAHOMY
[IUIAHTY, MIPOITOPIIOHAIILHEIC pa3HOCTH
JMABJICHUM B MOJIOKOMPOBOJAE M B MOIIOKO
OopHOIl Kamepe KoJuiekTopa. Bmecte ¢ Tem
YBEJIMUEHUE CKOPOCTH JBUKEHHS MOJIOKa,
BCJICJICTBHE POCTAa HACBIIICHHOCTH TIOTOKA
BO3/IyXOM, MPUBOJANUT K HETATUBHOMY BIUSHUIO
HA MHUKPOCTPYKTYPY MOJIOYHOTO IKHpa U
MOTEPSM KUPHOCTH MOJOKa [2, 9, 17, 18, 16].

ITOCTAHOBKA 3AJIAYN
[lenpro NaHHBIX MCCIENOBAHUM SIBISAETCS
ITOBBIIICHHE s¢dexTuBHOCTH paboThI
JOUJIBHBIX anmnapaTos C MOTTAPHBIM
MyJ1bCaTOPOM MpPH  JIOCEHHWHM B  BEPXHUU
MOJIOKOIIPOBO/I.

N3JIOXKEHUE OCHOBHOI'O MATEPHAJIA

C uenpl0  JOCTHXKEHUS  PEKUMHBIX
XapaKTePUCTUK,  KOTOPHIE  COOTBETCTBYIOT
MPUPOJHOMY MPOLECCY MOJIOKOOTAAUU TMpHU
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COCAaHMM KOpPOBBI TEJIEHKOM, B JIOWJIBHBIX
anmaparax € IyJbCaTOpOM  IIOIAPHOIO
JNEUCTBHS Ul J1O€HUs B BEPXHUHI

MOJIOKOIIPOBO/I, II€J€CO00Pa3HO HCIIOIb30BaTh
nByxkamepHbii kosuiektop [19]. Koncrpykuus
TaKOro JIOMJIBHOTO armapara MoApa3yMeBacT
pazjenieHue KOJJIEKTOpa Ha J[BE HE3aBHCHMBIE

gacth.  KOHCTpyKIHs Takoro KOJUIEKTOpa
yJIy4IIaer pexumM TPaHCIIOPTUPOBAHUS
MOJIOYHOM CME€CH, 3a CYET OTHENbHOIO

MOJIOYHOTO IIUTAHTa B KaXIOW Kamepe H
MOPIIMOHHOTO BITYCKA BO3JlyXa B TAKTE COKATHS.
W3BecTHO, 4YTO TOTEpH  JABIICHHSA, NpPH
JIBMDKEHUH MOJIOKO BO3IYIIHOW CMECH, TPSIMO
MPOTOPIIOHATIBHBI KBajIpaty MOTOKA
nByx(hazHoun cMecHu u obpartHO
MPONOPIHOHATIBHEI JJHaMETPy TPYOOIpOBOJIA B
yerBepToii  crenenu.  [loatomy  BBIOOD
MPaBUIILHOTO COOTHOILICHHS ITHUX MapamMeTpOB
UMEEeT pelaroliee 3HaueHUue Mpu 000CHOBAaHUH
pexxuma  paboTBl  JOWJIBHOTO  ammapara.
PaccmoTpum ypaBHCHHE paBHOBECHS
JBIDKCHUSI  MOJIOYHO-BO3IYIIHOW CMECH B
MOJIOYHOM Iianre. Ha mnopuumro cMecu B
IpoCcTpaHcTBE  OyayT  JeicTBOBaTh:  BEC
MOPIMH, CHJIA TPSHUS U CUJIa WHEPIUH.
AP=p,ah,, +P +P,
rae: p,gh, — Bec mopiuu MoJIoKa, H/M?,

Pey
3
cMecH, Kr/M”,
2
J — YCKOpeHHe CBOOOIHOTO MajIeHUs, M/c”,
h,, — BECOTa IOPLIMK MOJIOKA, M,

1)

— IUIOTHOCTH MOJIOKO BO3JIYIIHOW

P_— morepn Ha MPEOIONEHUS CHII TPEHHS,
H/M.
P

iH

NOTEPU HA TIPEOJOJICHHUS
UHEPLNH, H/M2.

OcHOBHBIMU (haKTOpaMH, KOTOpPbIE BIUSIOT
Ha TOTEpI0 JaBJeHUs, OyAyT IUIOTHOCTb
MOJIOKO BO3AYIIHOH CMecH U IUIOHIAJ]lb
MIOTNIEPEYHOI0 CEYEHMS] MOJIOYHOIO IIJIAHTA.
[InoTHOCTH cMecH H3MEHSIeTCSI B TEYEHHUHU
BCEIO0 BpEMEHU JoeHMs. Bpems noeHus
coCTaBisieT 50 MHHYT, a MOJIOKOOTJaua
xonebnercs ot 0,2 1o 68 1/ MUH.

IIpu BIycke BO3yxa B CEpUIMHBIX amaparax
8-10 15/ MMH. TUJIOTHOCTH CMECH MOXKET
KoJ1e0JeTcs B IIUPOKUX Mpeernax.

BceneactBue 4ero uM3MEHSAETCA  PEXUM
JIBUKEHHMS] MOJIOKO BO3AYIIHOH cMecH B
MOJIOYHOM IIIJIaHTE.

CHIJI
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Beipazum IJIOTHOCTH cMecHu
IPONOPLHMOHAIBHO KOJUYECTBY MOJIOKA H
KOJIMYECTBY  BO3/1yXa  IOCTYNAOLIEro B
MOJIOKOIIPOBO/IHBIM IIIJIAHT.

P = 2L, @)
rne. Qu, Qq COOTBETCTBEHHO KOJUYECTBO
MOJIOKA M BO3QyXa IOCTYHAlOIIEro B
KOJIEKTOD, MS/C,

%M,pn — IUIOTHOCTh MOJIOKa M BO3]yXa,

KI/M”,
S — pacXxoHOE BO3IyX COJCpIKAHUE.
AHaJOTMYHO BBIPa3WM BBICOTY TPOOKHU

MOJIOKO-BO3YIIHOM CMECH:
B = Qoit _4(Qutomt
mp - F nd?,

w4 ! (3)

rae: t — BpeMs TPaHCHOPTHUPOBKU MOPLUU
MOJIOKA, C,

d,, — AMaMeTp MOJIOYHOTO [IUIAHTAa, M.

MHepunoHHBIA HAMOP, KOTOPBIM BO3HUKAET
MpyU MyJIbCAUUM TIOTOKA B BEPTUKAIBHBIX
TpybompoBogax [2], MOXHO ONpEIeHTh,
BBIPA3UB CKOPOCThb IMEPEMEIIEHU IOTOKa,
yepe3 KOJIMYECTBO MOJIOKA U BO3JyXa B
3aBUCHUMOCTH OT TJIOTHOCTH CMECH:

— VpCMh"p — 4(Qm+Qn)
Fin = t  mdZ,t (4)

rae: V — CKOpocTh MOJIOKO-BO3IYILIHOM cMmecH,
m/c,

hy, — BBICOTA IPOOKH, M,

Taxke BO BpeMs JBIKCHHS TOPIHA
MOJIOKa BO3HUKAeT CHUjia TPEHHUS B MOJIOYHOM
IIJJaHTe, KOTOPYIO ONpEeNeNuM C Yy4eTOM
dopmyinsl [lapcu-Beiicbaxa:

Ep =0,811apeyhyp

rae: « KoapurmeHT
MOJIOYHOBO3YIIHON CMECH.

COIoCTaBUB  TIOJTyYeHHBIE 3aBUCHMOCTH
(2)-(5) u BBINOJIHUB HEOOXO0TUMbIE
MaTeMaTHIeCKHe MPeoOpa3OBaHus, MOIYyIUM
3aBUCHMOCTh  TOTEPh  JaBJCHUS  JUIS
TPAHCIOPTHPOBKH MOJIOKO BO3IYIIHON CMeCH
OT JIWaMeTpa MOJOKO TMPOBOJHOTO IIIAHTa,
pacxoja MOJIOKa M BO3/lyXa:

2
Ap = QL2 (44¢ + 0,81 1a4¢ Gt —
(6)

16(QM+QH))
T’-'dgm ’

Ha ocHoBanuu MOJIYYCHHOTO YpPaBHCHUA
(6) mocTpoensl rpagHKH, KOTOPHIE OMUCHIBAIOT
MoTepHU JaBJICHUA It TpaHCHOPTUPOBKU
MOJIOKO BO3)IyHIHOﬁ CMECH B 3aBHCHMOCTH OT

M hnp )

(Qu+Qn)?
d—ﬁm’ (5)

COIIPOTUBJICHUA
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pacxojia TpaHCIOPTHPYEMOTro Mojoka (puc. 1),
paccxojia Bo3ayxa (puc. 2) ¥ IuaMeTpa MOJIOKO
[IPOBOJHOIO nulaHra (puc. 3) npu
UCIOJIb30BAaHUU JIBYXKaMEPHOTI'O KOJUIEKTOpa
JIOUJILHOTO aIlapara.

AP, kIla
16
14 /8
12 /
10 //
8 /
6 / /.
4
N
‘ —_—
0 : | |
0 0,00002 0,00004 0,00006 0,00008
Om, M3/c
==d 12 MM =fll=d 14 mm d 16 mm

Puc. 1. 3aBucumocTs noTeph AABJIECHUS OT
pacxojia TpaHCIIOPTUPYEMOT'0 MOJIOKA

Fig. 1. Vacuum changes as function of flow
rates

AP, klla
30
” /“
20 ~
' //
5
0 |
2 7 12
Q,, 105 m%/c
==d =12 MM =lll=d = 14 mm d=16 mm

Puc. 2. 3aBucumoctsn NOTCPhL HABJICHUA OT
pacxojia Bo3ayxa Impy MOJIOKOOTAa4e S5 JI/MUH

Fig. 2. Vacuum changes as a function of air
admission, when flow rates is 5 I/m

AHanuzupys 3aBUCUMOCTb (pHC. 1) MOXKHO
clenarb BBIBOJI, YTO KoyieOaHUE TaBJICHUS B
TaKTe€ CXaTUsl TpPU HCHOJB30BAHWUU IUIAHTa
auaMeTpoM 12 MM Gosee riyOOKHe, HEXENIH

npu HCITIOJIB30BAHUN HUJIaHT OB 0O0JIBIINX
IUaMETPOB. OTO TMO3BOJSIET YTBEPXKIaTh O
Oonmee  ajekBaTHOM  paboTe  JOMIBLHOTO
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ammapara, 4YTO  OTBe4YaeT  TpeOOBaHUSM
(bU3HOJIOTHH KUBOTHOTO.

AP, kIla

45

4OJ\

35

30 \

25 1\

w I\

15 \

1(; NS \

/&#; YN/

0,01 0,012 0,014 0,016 0,018 0,02

d,,™m

=== Q =0,51/M1H === Q =51/MWH

Puc. 3. 3aBI/ICI/IMOCTB INOTCPphb AaBJICHUA OT
III/IaMeTpa IIJIaHra HpI/I MaKCHMaHLHOﬁ nu
MUHUAMAJIbHOU MOJIOKOOTHAAQ4YC

Fig. 3. Vacuum changes as a function of a
hose size, when a flow rates is 0.5 I/m and
51/m

3aBUCUMOCTb NOTEPH JABJIECHUS OT pacxoja
BO3/yXa (puc. 2) MOATBEPK1aeT
NPEUMYIIECTBA  MCIOJNB30BaHMUS  IILJIAHTOB
MEHBIINX AUAMETPOB.

Tak kak npu yBEIMUEHUU MOJAa4YH BO3AYyXa
B MOJIOKO COOpHYIO KaMmepy KOJIJIEKTOpa B
TaKTe cKaTug npu MaKCHMaJIbHOM
MOJIOKOOT/Jau€e, BEJIMYMHA NaJCHHUsI BaKyyMma B
nulaHrax ¢ guamerpom 14 MM u 16 MM He
cymiectBeHHa MU coctaBiser 2—5 klla, Torna
KaKk B I[UJIAHT'€ MEHBIIero Juamerpa dTa
BeIIMYMHA HaxoauTcs B npeaenax 12—15 klla.

[Ipu  Oombmielt  pasHUIlE  JAaBlIEHUI
o0ecrieunBaeTcs TPaHCIIOPTUPOBAHUE
BBIBEJICHHOTO M3 JOJed BBIMEHM MOJOKa 0e3
MyJIbCALIMHI MOTOKA. Mouoko
TPAHCIIOPTUPYETCS B MOPLHOHHOM pPEXUME U
Ha 10—15 % ymeHbI1aeTcst B30anThIBaHUE.

AHanuzupys 3aBUCHUMOCTH OTeph
JaBJIeHUs OT JuaMerpa IwiaHra (puc. 3)
CBUJIETENLCTBYET, 4YTO TMaJ€HUs BakyymMa B
TaKTe CXaThsi TpU JAUAMETPAX MOJIOYHBIX
nutanro Oosbie 13 mMm 6ynet ao 10 kIla, npu
ATOM B LIUIAHTax ¢ JUaMeTpoMm MeHblie 11 mMm
NaJieHusl BaKkyyMa JOCTUTAaeT KpPUTHYECKON
TOYKH, IPU KOTOPOW BO3MOXKHBI MaJACHUA
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AOWJIBHOI'O arimapara ¢ BBIMCHU KOPOBBI, 4YTO
HCIOITYCTHUMO.

BbIBO/IbI

1.
KOJUIEKTOpa
BO31yXa B

Hcnoas3oBanue JIBYXKaMepHOTO
C TEPUOJUYECKHM  BITYCKOM
TaKT€ CXKaTHs B JOWJIbHBIX
anmaparax C  IyJbCaTOpOM  MOIMAPHOTO
JIEUCTBUS I NIOCHUA B BEPXHUI
MOJIOKOTIPOBOJI, O0ECIICUNBACT PEXHUM PaOOTHI
JOWJIBHOTO armapara OJIM3KUA K TPHPOTHOMY
MPOIIECCY MOJOKOOTIAYH IIPU COCAHUH KOPOBBI
TEJIEHKOM.

2. JlnaMeTp MOJIOYHOTO NUIAHTa MPH ITOM
JOKEH OBITH OKOJIO 12 MM, a KOJIMYECTBO
MOCTYIAIOMIET0 BO3JyXa B TaKTE€ CXaTusi B
npenenax 4-6 1 / muH. Konebanus Bakyyma
MPU  UCIOJIb30BAHUU MOJIOKO IPOBOJIHOTO
nianra 12, cocrtaBisitoT B mpenenax |
2—16 xlla mpu cpenHel MOJIOKOOTJauH.
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RATIONALE OF PARAMETERS
OF TWO - CHAMBER MILKING
CLUSTER FOR MILKING SYSTEM TO
WORK WITH ALTERNATE PULSATOIN

Summary. The analysis of the impact of
regime characteristics of milking machines on
the quality of the milk obtained during pipe line
milking system. The conditions for equilibrium
motion of a milk-air mixture and the pressure
drop in the milk hose. On the basis of
theoretical studies of two-chamber milking
cluster of the milking machine the optimal
pressure fluctuations in the milk hose. Based on
the obtained equations were constructed and
analyzed graphical dependence of pressure
fluctuations when changing the diameter of the
milk pipe and air quantity. The result justified
the use of dual-chamber manifold with periodic
air inlet in the compression stroke in milking
units with alternate pulsation for pipe line
milking. Determined the diameter of the milk
hose and the number of incoming air, in which
the performance characteristics of the work of
the milking machine will be close to the natural
conditions of breeding of milk. The diameter of
the milk hose should be about 12 mm, and the
amount of incoming air in the compression
stroke within 4-6 | / min Milk is transported in
batch mode and 10-15% reduced agitation,
which keeps the quality of the product.
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AnHoTanus. Llenpto craTeu siBIsETCA U3Y-
YEHUE 3aKOHOMEPHOCTEW BIIMSHUS KOHCTPYK-
[MOHHBIX M PEXHUMHBIX MapaMeTpoOB pabOTHI
OMTEPHO-HOKEBOTO HW3MEJIBYAOIIEro arapara
C aKTUBHBIMH HOXaMH Ha YAEIbHYIO padoTy pe-
3aHUS JIUCTOCTEOETHLHON MaCChI JTIOLIEPHBI.

H3BecTHO, YTO U3MENbUEHUE JTUCTOCTEOEIb-
HOW MAacChl SIBJISIETCS OJIHOM M3 JHEPrOEMKHUX
oreparii B o0IeM mpoiiecce 3aroToBKH, OT KO-
TOPOM TAKkK€E 3aBUCUT U KOHEYHOE Ka4eCTBO IO-
nydyeHHoro kopma. Kpome Toro, BcieacTtBue
BBICOKOM CKOPOCTH W MOIIHOTO BO3YIIHOTO
IOTOKAa U3MENBYEHHON MacChl IS MOIPY3KH €€
B TPAHCIIOPTHBIE CPEJICTBA, TEPSIIOTCS €€ caMble
[[EHHBIe (PPAKIUU — TUCThsI, OyTOHBI, COI[BETHSI.

VYKa3zaHo, 4TO OJAHUM W3 HANPABICHUU pa3-
pelIeHus dTUX MPoOIeM SBISETCS UCIOIb30Ba-
HHE B TEXHOJOTHMYECKOM IMPOLECCE 3aroTOBKHU
CeHaka TPecC-MOJOOPIIMKOB WU  TEIekKeK-
OAOOPIIMKOB-TPAHCTIOPTUPOBIIUKOB, KOTOPHIE
COAEpKAT M3MEJIbYAOIIMKA  ammapar MHOTIO-
IJTOCKOCTHOTO PE3aHUsI CO CKOPOCTBIO MaTepu-
ana 4-8 m/c.

Ha ocHOBaHMM aHaIUTUYECKUX U DKCIEPH-
MEHTAJIbHBIX HCCIEAOBaHUN 0000IIEHO, YTO Ha
SHEPreTUYECKUE W KA4YEeCTBEHHBIC IMOKa3aTEeHN
paboThl M3MENBUYHUTENCH BIUSIOT PEXKUMBI HX
paboOThI, YIIbl CKOJBXKEHHUS, 3aTOYKH W YCTa-
HOBKH HOXa, a TAK)K€ TEXHUYECKOE COCTOSHHE
peXylied napbl M CBOICTBA PaCTUTEIIHBHOTO
ci0si. MOIIHOCTh M3MENBbYAaEMOro amnmapara 3a-

BUCHUT OT CKOPOCTHOI'O peKuMa paboThl, BIaxK-
HOCTH MaTepHalia, CEeKyHIHOH MoJadu, 3a30pa
MEXIy JIe3BUEM U HPOTHBOPEXKYLIEH MacTu-
HOM.

[IpuBeneHo crpoeHue M NPUHLMIT PaOOTHI
pa3paboTaHHOM OMTEPHO-HOXKEBOW IKCIEpPHU-
MEHTalIbHON ycTaHOBKU. OCHOBHOM KOHCTpYK-
[IMOHHOW OCOOEHHOCTBIO TPEIIOKEHHOTO M3-
MEeJIbYAIOIIEero amnmapara sBJIsSeTcs TOo, 4TO pe-
KylIass Tapa HM3MEIbYMTENS  PaclooKeHa
BI0Jb (OPMHPYIOLIET0 KaHalla, a He IOIepeK
KaK y JpYyrux amnmaparax, Harnpumep OapabaH-
HOM MJIM JJMCKOBOM. BcenenctBue pesanus creo-
JI€BOM MacChl CO CKOJBKEHHEM YIeNbHOE YCH-
JMe pe3aHus YMEHbBINAeTCs, YTO SBIISETCS
MPEINOChIIKOW YMEHBIICHUSI BETMYNHBI YACIb-
HOMU pabOThI pe3aHus.

CoriacHO MeTOJIMKE TPOBENEHHS SKCIIECPH-
MEHTAJBHBIX HCCIEOBAHUN IpeaycMaTpuBa-
JOCh JIISl I3MEPEHHSI SHEPTOCHIIOBBIX ITapaMeT-
POB TIpoliecca pe3aHusi UCMOIb30BaHHE METOJIa
TEH30METPUPOBAHUS C TIOMOIIBIO MTPOBOJIOYHBIX
JaTYNKOB COTPOTUBIICHUS.

[TpoBOIMMBIE PKCTIEPUMEHTHI TIO OTpeeie-
HUIO palMOHAJIBHBIX KOHCTPYKIIMOHHBIX U pe-
KUMHBIX TapaMeTpoB OUTEPHO-HOKEBOTO W3-
MeJIbYaeMOoro armmapara IpOBOAWINCH C HC-
MOJTb30BaHUEM METOJMKH TUTAHUPOBAHHS MHO-
ro()akTOPHOTO HKCIIEPUMEHTA.

[Touck pannMoOHAIBHBIX KOHCTPYKLMOHHO-
PSKUMHBIX ~ MAapaMeTpoB pabOTBl  OUTEpPHO-
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BJIIAAVMMUP KY3BMEHKO, AJIEKCAH/IP XOJIOAIOK

HOKEBOT'O M3MEIhUaEMOro anmnapara OCyIiecTB-
JISUTA TIYTEM MOCTPOEHMSI IBYXMEPHBIX CEUEHUM
MOBEPXHOCTEH OTKIIMKA, T/Ie YCIIOBHUEM pellie-
HUS 3a7ayd  ObUIla MHUHUMH3AIUS KpPUTEPUS
yIeIbHOU paboThl pe3aHusl.

VYCTaHOBJIEHO, YTO HaMMEHbIIEE 3HAUYCHUE
yaenbHOH paGotel pesanmst 10,1-11,6 kJDk/m2
pacteHuii mouepHsl BiaxHocThio W=44,2-55,7 %
MOJIYYMJIM  TPU  CIEAYIOIUX  Iapamerpax
Dy=0,500 M, D,=0,510 M, V,=1,62-2,2 m/c u
®,=5,5-10,0 ¢t MIpU 10J]a4€ MACChI, KOTOpasi HE
npeBbIaet g,= 3,6 Kr/c Ha OAHY PEXYIIYIO Ta-
py. [Ipu Takux KOHCTPYKIIMOHHBIX MapamMeTpoB
anmnapara peKoMeHJyemas JJMHA MajbleB Mu-
TaOLIEro poTopa pasHa /,=18-20 cm.

Pesynbrarel paGoThl MOTYT B JaJbHEUIIEM
OBITh WCIIOJB30BAHBI PSAOM TPEIIPHITHA TPH
MPOEKTUPOBAHUM U KOHCTPYUPOBAHUU U3MEJb-
YAOIIMX aNlapaToB MPECC-MOAOOPIIUKOB HITH
TEJEeKEK-TI0A00PIUIUKOB ISl 3arOTOBKU JIUCTO-
CTEOEIBHBIX KOPMOB.

KiioueBble ciioBa: OUTEPHO-HOXKEBOU W3-
MeJpYaIoIMK anmnapar, NATAIMMUN pPOTOp, aAK-
TUBHBI JIMCKOBBIA HOX, pe3aHue credieH,
YHEPTrOEMKOCTb.

I[TOCTAHOBKA ITPOBJIEMbI

CTabuibHBIN YpOBEHb Pa3BUTHUSI MOJIOYHOTO
’KMBOTHOBO/ICTBA HE BO3MOKEH 0€3 yCTONUNBOi
KOopMOBO# 0a3bl. Ee ocHOBY dopmupyroT pas-
HOBHMJITHOCTH CTE€OENBbHBIX KOpPMOB: 3€JIEHBII
KOpM, CeHaX, cujioc, ceHo. [loutu 85 % crebie-
BBIX KOPMOB — 3TO M3MEJIBYEHHBIE KOpMa, IUIS
3aroTOBKM KOTOPBIX TNPUMEHSIOT KOpMOYyOoO-
pouHble KoMOaifHbl. M3Mmenbuaromme ycTpou-
cTBa KOMOANHOB, KOTOpbIE BHIMOJHSOTCA Oapa-
0aHHOTO WJIM JAMCKOBOTO THIIOB, SIBJISIOTCS OC-
HOBOM MX KOHCTPYKLIHAM.

N3menbueHne nucTocTeOCNbHOM Macchl sB-
JsieTcsl OAHOM U3 PHEPrOoeMKUX OIepaluii B 00-
IIEM IPOLECCE 3arOTOBKH, OT KOTOPOW TaKXke
3aBUCUT M KOHEYHOE KauyeCTBO IOJy4YE€HHOTO
kopma. Kak M3BECTHO, Ha M3MEIbUYEHHE OJHOMN
TOHHBI JINCTOCTEOENbHBIX KOPMOB PacxoayeTcs
3,6-25,2 M]Ix 3HEpruu, 4T0 COCTABISAET OKOJIO
30 % or o0mux 3aTpaT Ha 3arOTOBKY M MPUTO-
TOBJIEHHE KOpMOB [1].

CymiecTByloye Ha CETOJHSLIHEE BpeMs
KOpPMOYOOPOYHBIE MAIIMHBI HMEIOT OTHOCH-
TEJIbHO BBICOKHE HHEPro3aTpaThl Ha M3Mejbye-
HUE U HE Bcerja o0ecrneynBaroT HeoOX0IuMYI0

cTerneHb U (hpakMOHHBIH cocTaB KOpMOB. Kpo-
ME TOrO, BCJCICTBHE BBICOKOW CKOPOCTH U
MOIIHOTO BO3YIIHOIO MOTOKA H3MEIbYCHHOM
MaccChl JUTS TIOTPY3KH €€ B TPAHCIIOPTHBIE CPEjI-
CTBA, TEPSIIOTCS €€ CaMble LCHHBbIC (DpaKiuu —
JMCThsA, OyToHBI, couBetus [2, 3]. B cBsa3u ¢
9TUM TMPUMCHEHHE U BHEAPCHUE HOBBIX YHEPro-
cOeperaroimx CpeiCTB B YCJIOBHIX OCTPOrO
SHEPreTHYECKOr0 KpHU3MCa, KOTOpBIM cendac
HaOJIF0]aeTCsI TIOUTH BO BCEX OTPACISIX HApOJI-
HOTO XO3SICTBA, MPH 3arOTOBKE CEHaxxa Mpuoo-
peraeT 0COOCHHO aKTyalbHOE 3HAUCHHUE.

AHAJIN3 ITOCJIEAHMUX I/ICC{IEILOBAHI/II\/JI
N ITYBJIIMKALINU

OnHuUM W3 HaNpaBICHUN pa3peIIeHus] dTHUX
npoOjeM SBJISIETCS MCIOJIb30BaHUE B TEXHOJIO-
THYECKOM TpOIlecce 3ar0TOBKM CEHaXka Ipecc-
HOJOOPUIMKOB WM TEJIEKEK-T10A00PIIUKOB-
TPaHCIIOPTHPOBIIMKOB, KOTOPBIE COAEPIKAT M3-
MeJIbYAOLIHI anmapar MHOIOIUIOCKOCTHOIO pe-
3aHUs CO CKOpocThio 4-8 m/c. Takue anmaparsl
UCIIOJIB3YIOTCSl B KOHCTPYKLIMOHHO-TEXHOJIOTU-
YECKHX CXEeMax Ipecc-TIoAOOPIIMKOB | Telle-
KEK-T10100PILMKOB TAKMX M3BECTHBIX 3apyOek-
HbiX (upm kak: Pottinger, Mengele, Taarup
(Hanus), Far, Claas, Krone, Deutz Fahr (I'ep-
manusi), New Holland, Case, John Deere
(CIIA) u gp. [4, 5, 6, 7].

OCHOBHBIM Y3JIOM JTHX MAaIIHH SIBJSETCS
U3MEJIbYAIOIIUI annapar HaKJIOHHOTO U CKOJIb-
3SIIIETO pe3aHmsi, MOJAOIINN YCTPOHCTBO KOTO-
pPOro MOKET OBbITh BBIIOJHEH B BUJE LIENOYHO-
MAIBIEBOTO KOHBEWEPa, SKCIEHTPHUYHOTO MOTO-
BWJIa C YHPaBIseMbIMH TpabisiMu (rpabieBuil)
nim potopa [8, 9].

YacTHBIM Cilyd4aeM H3MeEJbUYEHHUS pacTu-
TEIILHOW MaccChl SIBIISIETCS TPOIECC pe3aHusl.
N.A. Tume npuHaIJIEKUT MUPOBOW NPUOPUTET
HAyYHOTO OOOCHOBAHHS IIPOIIECCOB PE3aHUS H
MMEHHO UM OBbUIM NpPEUIOKEHBI NEepBbIe 3aBU-
CHUMOCTH JIJIsI OTIPEICIICHUS YCHITUS pe3aHusl.

[Tporecc pezanus U3yyasncs TakKe MHOTUMH
OTEYECTBEHHBIMU U 3apyOeKHBIMH HCCIIEIOBATE-
asmu  (poccuiickue u coserckue: M.A. Tuwme,
K.A. 3BopeikuH, A.I'. YcaueB, A.H. YemocTkuH,
B.A. Apumnos, I'.A. Anekcees, [1.A. PeGunnep,
B.A. XKemvrosckwmii, I.1. bpemep, H.E. Pe3nuk,
E.C. Bocoii, B.A. 350108, C.B. MenbHHKOB, OTe-
yectBeHHble V.U, PeBenko u nap., 3apyOexHbIe:
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Toitnop, Jun, Hukonscown, I'epbept, KponenoOepr,
[Ine3unrep, Oxamm, Oykyu u ap.).

Ha sneprerunyeckrue u KauecTBEHHBIE MOKa-
3aTtenu paboThl U3MEIbUUTENCH BIUSIOT PEXKU-
MBI MX Pa0OTHI, YTIbl CKOJBKCHHS, 3aTOYKH H
YCTAaHOBKH HOa, @ TAKXKE TEXHUYECKOE COCTO-
STHUE PEeXYIIEH Napbl U CBOMCTBA PACTUTEIBHO-
ro cios [10, 11, 12, 13]. MorHOCTh H3Mebya-
€MOro anmnapara 3aBUCUT OT CKOPOCTHOIO pe-
KUMa padOThI, BIAXXHOCTH MaTepuana, CeKyH/I-
HOHM MOJAa4M, 3a30pa MEXAY JIE3BUEM U MPOTHU-
BOPEKYLIEH TJIACTUHOM.

Ckopoctb pe3zanus Vo, SABISETCS OJHUM U3
KHHEMAaTUYCCKUX W JUHAMUYECKHX (DaKTOpOB
rpolriecca pe3aHusi, OT KOTOPOro 3aBUCUT MPO-
W3BOJMUTEILHOCTh M SHEPTOEMKOCTh MAIIWHBI.
[losTOMy CBSI3b 3HEPrOEMKOCTH MpoLecca Co
CKOPOCTBIO pE3aHMs SABJISACTCS OMPEIEISIONINM
JUISL €70 TEXHUKO-3KOHOMHYECKOU OLIEHKH.

[Beny [.C. [14], uccnenys mpoiecc pesa-
HUs cTeOeIbHBIX KOPMOB, OTMEYAET, YTO C yBe-
JMYEHUE CKOPOCTHU pe3aHus V., JHEproeMKOCTh
YMEHBIIAETCs, OOBSICHSIS ATO TEM, 4YTO MpH
OOJIBIIION CKOPOCTH pPE3aHHs HaNpsDKEHUE, KO-
TOPO€ BO3HUKAET B MECTE€ COINPUKOCHOBEHMS
JIe3BUSL HOXA C CII0eM CTeOJiel, KOHIIEHTPUPY-
eTcst Bo3Jie Hero. He ycneB pacnipocTpaHUThCS B
neOpMUPOBAHHOM CJIO€, OHA BBI3BIBAET €T0
paspyuienue. Takum oOpa3om, 3a CUeT yMEHb-
IIEHUsI 3aTpaT PHEPruv Ha AePOPMAIHIO CIIOS
CHUKAETCSl IHEPrOEMKOCTbD IpoIiecca.

H.E. Pe3nuk [11] B mporiecce cBoux Hccie-
JIOBAaHUU TOJIYYHMJI PE3yJbTaThbl, KOTOPHIE CBU-
JETENLCTBYIOT O CHUKEHHH yCUIIUSA Ppe; 1 pabo-
Tl pe3aHus Ape; C yBENMYEHUEM CKOPOCTH [0
25 m/c. ABTOp OOBSCHSET TaKyl 3aKOHOMEp-
HOCTh TaKK€ YMEHBIIIEHHEM 3aTpaT dHEPruH Ha
MpeABapUTEIIbHOE C)KAaTHEe MaTepuaia MpHu
OOJIBIIUX CKOPOCTSX PE3aHMUS.

B nenom, cymectByromue nanusie [11, 15,
16, 17, 18, 19] o BauMsHHE CKOPOCTHBIX PEXKHU-
MOB Ha JHEPrOCHJIOBBIC IOKa3aTeIH Mporiecca
pe3aHus CI0sl PACTUTENIbHBIX MaTEPUAJIOB, B CU-
7y CBOEH TIPEACIIBHOCTH U PA3JTUYHBIX YCIOBHI
MPOBEACHUS UCCIIEI0BAHUM, HE TO3BOJISIIOT BbI-
MOJHUTE 0000IIEeHHBIE BEIBOABI. OIHAKO OIHO-
3HAYHO YCTAHOBIIEHO, YTO OOIIME dHEeprosarpa-
TBI, HEOOXOIUMBIC ISl BBITOJTHEHHUS TEXHOJIO-
THYECKOTO TMpoIecca MOJIEBBIMU H3MEJIbUUTE-
JISIMU-TIOTPY3YMKAMH YBEJIIMYMUBAIOTCSA C YBEJIHU-
YEHUEM CKOPOCTH pe3aHusl, TaK Kak MpPU STOM
BO3pACTAIOT MOTEPHU IHEPTUU HAa XOJOCTOU XOJ

MEXaHH3MOB YCTPOWCTBA, U3MEHEHHE KOJIHYe-
CTBa IIBUKCHHUS MaTepHalla U €ro TPEHUE IO
KOXKyXy m3menbuntens [20, 21].

YMeHbIIICHHE 3aTPaT SHEPTUH CIIOCOOCTBYET
pa3paboTka M3MENbUAEMOro amnmnapara ¢ aKTHB-
HOM YacThlO MpoTuBOpe3a [22, 23, 24, 25]. Ta-
KHE ammapaThl IMO3BOJISIIOT BBHITIOTHATH PE3KY
cTeOeil HaKJIOHHBIM MITU KacaTeIbHUM CPE30M,
4TO, B CBOIO OYepe/lb, CIOCOOCTBYET yYMEHbIIIE-
HUIO 3aTPAT SHEPTUU HA TEXHOJOTUYECCKHUI TPO-
I[eCC U YIYYIICHHIO KauecTBa cpe3a Ciosi cTeod-
nen.

Takum 00pa3oM, Ha OCHOBE BBITIOJTHEHHOTO
aHaM3a pe3yJbTaTOB TEOPETHUYECKHX M IKCIIe-
PUMEHTAIILHBIX HCCIICOBAHUI TEXHOJIOTHYE-
CKOTO TIpOIIecca M3MENbUYCHUSI Pe3aHHeM, MOXK-
HO OTMETHUTh JIOCTATOYHO Pa3HOCTOPOHHIOKO
U3YYEHHOCTh IMpoIecca pe3aHusi CTeOeTbHBIX
KOPMOB, OJIHAKO OTCYTCTBYIOT HCCIICIOBAHHUSI
OUTEPHO-HOKEBOTO M3MEJBUAIOIECTO amrapara
¥ MPOILIECCa YTO UM PEaT3yeTcsl.

I[TIOCTAHOBKA 3AJIAHMA

Llenpro mpoBeAEHUS TAHHBIX HCCIEAOBAaHUN
peayCMaTpUBAIOCh H3y4YEHHE 3aKOHOMEPHO-
CTeH BIMSHUS KOHCTPYKLIMOHHBIX M PEKUMHBIX
napamMeTpoB paboThl OWUTEPHO-HOKEBOTO W3-
MEJIbYAIOIIEro anmnapaTa ¢ aKTUBHBIMH HOXKaMH
Ha yJelbHYI0 paboTy pe3aHus JHCTOCTEOEemb-
HOW Macchl JIOLIEPHBI.

N3JIOXKEHUE OCHOBHOI'O MATEPHAJIA

HccnenoBanusi MpOBOJMIIMCE Ha HKCIEpH-
MEHTaJIBHO-JIA00PAaTOPHON yCTAaHOBKE, KOTOpas
Obula pa3paboTaHa jabopaTopuel 3aroTOBKH
KOpMOB HammoHanpbHOTO HaydyHOTO IIEHTpa
"MHCTUTYT MEXaHM3alUH W DJICKTpH(UKaIN
cenbekoro xossiictBa" [26]. OcHOBHOWM KOH-
CTPYKIIMOHHOM OCOOEHHOCTBIO MPEII0AKEHHOTO
M3MENTBYAIONIETO amnmapaTa SBISETCS TO, 4YTO
peXylas mnapa HW3MENbUUTENs pacloiokeHa
BIOJb (OPMUPYIOMIETO KaHalla, a He TOMepeK
KaKk y APYrHX ammaparax, Hampumep OapabaH-
HOM WJIM JTMCKOBOM. BcenencTBue pe3anus cteo-
JI€BOM MaccChl CO CKOJIBbKEHHEM YJeNbHOE YCH-
JWe pe3aHus YMEHBINAETCS, 4YTO SBISETCS
MPEANOCHIIIKOM YMEHBIICHUS! BETUYUHBI YAEIb-
HOM pabOTHI pe3aHusl.

OOmwmii Buja 1ab0OpaToOpHON YCTaHOBKH, CO-
JepKameid OMTEPHO-HOKEBOM H3METbYAIOIIHI
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amnmapar, MpeAcTaBIeHHBIA Ha puc. 1, a ee KOH-
CTPYKIIMOHHO-TEXHOJIOTUYECKasi CXeMa Ha pHC.
2. OHa BKJIIOYAET JICHTOYHBIN KOHBeHep 1, u3-
MEJIPYAIOIIUI  anmapat, Ha paMe KOTOpPOTro

YCTaHOBJICH MOJIAIOIIUNA YCTPOUCTBO 3 JIMCTO-
CTeOCIbHOW MacChl, OWTEPHBIA MUTATEIbHBIN
porop 4, pexymmii MexaHusMm 5, (popmupyro-
Ui KaHain 6 1 MEXaHU3Mbl MHJIMBUAYaJTbHOTO
npusoza 7, 8, 9.

Puc. 1. 061/117113}/1;( onLITHoﬁ yCTaﬁOBKH
Fig. 1. General view of pilot plant

[Ipouecc wu3MenbueHUs OCYLIECTBISETCS
crenyomuM obpasoM. TpaBsiHas Mmacca, KOTO-
pas mocrtynaer B (GopMupyromMi KaHan 6 1mo-
JAIOIIMM YCTPOUCTBOM 3 M3MENIBYAEMOro amnma-
paTa, MOPLUOHHO yBJIEKAe€TCs Mapoi maibles 4
MUTAIOUIET0 poTopa (puc. 2).

[anee marepuas, C)KUMasCh U YIUIOTHSSCH
Iapoy NaJbLIEeB, MOJABOAUTCS B 30HY PE3KH, I€
paspes3aeTcsi TUMCKOBBIMH HOXKaMHU S5, TTOCKOJIBKY
MIOCJIEHHE JIEKAT B IUNIOCKOCTH C NAJIbLIAMHU PO-
Topa 4. biiarogapst BpallleHHI0 AUCKOBOI'O HOXa
5 MPOMCXOIUT PE3aHUE PACTUTEIBHON MacChl CO
CKOJIb)KEHUEM.

Janee u3zMenpyeHHass Macca NajablaMu IH-
TaTeNbHOr0 poTopa 4 Mo MoAnoHy (popmHpyIO-
1Iero KaHana 6 MpoTATUBAETCS BAOJIb JUCKOBBIX
HOXEW PEXYIIEro MeXaHusma 3.

Crnenyromas nopuusi MaTepuasia MOCTyHaeT
B GOpMHPYIOMUN KaHaT 6, yBIEKaeTCs IPYrou
Mapoi maJjiplieB MUTATEIbHOTO poTopa 4 U mpo-
L[ECC U3MENIbUEHUS TIOBTOPSIETCS.

HccnenoBanus mpoBOAWIM C JIIOLEPHON B
cTaauy OYyTOHM3AIMK U Havaja [IBETEHHUS.

Jlnuna crebneii u3MeHsnach ot 25 10 75 cM
u3 cpenHeapupMeTHIeCKOM BEJIM-YUHOMN
40,3 cm.

6

Puc. 2. KOHCTpYyKIIMOHHO-TEXHOJIOTUYECKAS
CX€Ma OIIBITHOM YCTAaHOBKH: 1 — JIEHTOYHBII
KOHBeiep, 2 — pama, 3 — MOJAIOMIMNA YCTPOH-
CTBO, 4 — NMUTAIOLIUNA POTOP, 5 — PEKYIIHI Me-
XaHu3M, 6 — GOopMHUpPYIONIUIT KaHall, 7 — TPUBOJT
PEXKYyHICTO MEXAaHU3MaA, 8 — IMPUBOJA IIUTAOIICTO
poTopa, 9 — MpHUBO. JIGHTOYHOTO KOHBEHepa

Fig. 2. Constructional-technological scheme
of the experimental setup: 1 — the conveyor belt,
2 — frame, 3 — feed device, 4 — feed rotor,
5 — cutting mechanism, 6 — forming a channel,
7 — drive of the cutting mechanism, 8 — feed ro-
tor drive, 9 — drive belt

W3 aHanmm3a aHaTUTHYECKUX M SKCIIEPUMEH-
TaJIBHBIX MCCIEJOBaHUN MPUHUMAIN CIEayo-
LIMe 3HAYeHUs PEeXYLIEro MHCTPYMEHTA: Yroi
3aoctpenus Hoxkelr S=30°, 3az0op B pexyiei
nape 2-4 MM, TOJIIIMHA JUCKOBOT'O HOXa 3 MM,
OCTPOTa KPOMKH JI€3BUS 0=84 MKM.

CornacHO METOAMKE MPOBEACHUS IKCIEPH-
MEHTAJBHBIX HCCIEOBAaHUN IpeaycMaTpuBa-
JOCh JUIsl U3MEPEHUSI SHEPTOCUIIOBBIX MapaMeT-
POB Ipoliecca pe3aHusl UCIONIb30BaHUE METOJA
TEH30METPUPOBAHUS C TIOMOIIBIO TPOBOJIOYHBIX
JaTYNKOB COTPOTUBIICHUS.

Onpenenennsi CUJIOBBIX MOKa3aTesNel npouec-
ca H3MENbUCHUS] Ha JaOOPAaTOPHOM YCTAaHOBKE
OBbUIO MTPOBENIEHO C MPUMEHEHUEM U3MEPUTENTHHO-
ro obopynoBaHus (puc. 3).

H3MepuTenbHO-PETUCTPUPYIONIUE TTPHOOPHI
BKJIIOYAT TEH30JaTyuku, Onok nutanust AIAT
13884, nBa tenzoycumutens TOIIA3-4-02 u
obicTpoaeiicTByromuii camonucerr H 338-6I1.
OHu 00pa3yroT cuCTeMy IS TIOJTy4eHus1, oOpa-
OOTKM W BBLAAYM PE3YJIbTATOB H3MEPEHUIA.
YTouHeHHe MapamMeTpoB M3MEIbYAEMOro amma-
pata OCyLIeCTBISUIOCH C HCIOJIb30BaHUEM Me-
TOJa MHOTIO()AKTOPHBIX AKCIEPUMEHTOB. /[l
ONTUMHU3ALMHU NPOIIECCa PE3KH TPABSIHONM MacChl
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ObUT BEIOpaH K}Z)HTepHﬁ yIIeIbHOM paboThl pe3a-
HHS A, Kx/M".

TeH30IaTIHK

BEPTHEAIBHEIX YCHIHA
JMCKOBOTO HO®A

TeH30IaTIHK

[OPH30HTATBHBIX VCHIHA
JIACKOBOTO HOKA

JlaTdmK noBopoTa
MATBIEE HTAOIIETO
poTopa

TeH30IaTIHK
KPYTHOTO MOMEHTA Ha
TTHTAOMIEN POTOPE

L

TeH30yCHIHIETD
"TOIIA3-4-02"

BeicTpoAeiicTEYIOmI
camommeens H 338-6T1

_ i

TeH30yCHIHTETD
"TOTIA3-4-02"

|12B]

[<220B]
50T |

BII0K mHTaHHS
"ATAT"

Puc. 3. [IpuHiunuanbHas cxeMa u3MepeHust
CWJIOBBIX IIOKa3aTeJiel mpouecca

Fig. 3. Schematic diagram of measurement
of power parameters of process

[Tocne BHINOJHEHHOTO TEOPETHUUECKOTO aHa-
JIM3a ¥ TIOMCKOBBIX 3KCIIEPUMEHTOB ObLIN BbISB-
JeHbl (HaKTOpbl, KOTOPbIE BIMSIOT Ha pabouuit
nporecc pe3anus (puc. 4): CKOPOCTb BpallleHHs
ne3Bust auckoBoro Hoxka x1 (Vy), M/c, yriioBas
CKOpPOCTh BpalleHUsI poTopa xz (w)), ¢!, nma-
MeTp auckoBoro Hoxa x3 (Dy), M, quamerp po-
topa xz (D,), M, IIIOmMAab CCYCHUS MU3MENIbYCH-
HOM JIUCTOCTEOCTBHONW Macchl Xs (S),), M2, BIIAXK-
HOCTh Jucroctebenbaoi Macchl xg (W), %. Tlpu
IIPOBE/ICHNU HCCIIEI0OBaHUN yKa3aHHbIE (PAKTOpPbI
pa3zeNuiIn Ha TeXHOJOTMYEeCKUEe U KOHCTPYKIIH-
OHHBIE.

BraxHocme W

Puc. 4. Cxema k ompeneneHuto (hakTopon
BJIMAOIINUX Ha NPOHECC U3MCIBYCHUA JTUCTOCTC-
OEIIbHOM MacChl

Fig. 4. Diagram to determination of factors
influencing crushing process of vegetation mass

3HaueHus] BHIOPAHHBIX (PAKTOPOB MPHU pa3-
HBIX 3HAYCHHSIX BapbUPOBAHUS IPHUBEICHBI B
tabiuue 1.

Taoauna 1. 3HadyeHuss GaxkTOpoOB HpU pas-
JIMYHBIX YPOBHAX UX BAPbHUPOBAHUA

Table 1. Data of factors at different levels of
variation

3navyeHus pakTo-
daxkTop u ero 00o3Ha- pPOB TIpH pa3iany-
YyeHue, CAUHUIA H3Me- HBIX YPOBHSIX HX
peHus BapbUPOBAHUS
-1 0 +1
X1 — CKOPOCTb Bpalre-
HUSA JI€3BUSA JUCKOBOT'O 15 2,5 3,5
HOXa, M/C
X7 - yrjioBas CKopOCT_Ilp 20 60 | 100
BpAILIEHUS] POTOPA, C
X3 - TUAMETP AUCKOBOTO 0,250 | 0.375 | 0,500
HOXa, M
X4 - nuameTtp poropa, m | 0,46 | 0,70 | 0,94
weauento waccw, | 000 | 000 | 0.00
2 ' 20 50 80
M
X6 — BHa)KH9CTB amcro- | 42 | 620 | 798
credenpHoNn Maccsl, %

DKCIEPUMEHTBI 110 ONPEACICHUI0 PAILUO-
HaJIbHBIX KOHCTPYKIIMOHHBIX M PEKUMHBIX Ia-
pamMeTpoB OHTEPHO-HOKEBOTO H3MEIHYAEMOTO
anmapara npoBOJMINCE C MCIIOJIb30BaHUEM Me-
TOJUKHU TIAHUPOBAHUS MHOTO(AKTOPHOTO JKC-
nepuMenTa 1o mwiany bokca (B;) u (Bg).

B pesymbraTe TpOBENEHHOTO PErpecCcHoH-
HOT'O aHajM3a ObLIM MOJYYEHBI CIETYyIOLUe all-
MPOKCUMUPYIONINE KBaJpaTHUHBIE (HOPMYIBI B
KOJIMPOBAaHHOM BHUJIE, YTO ONPEIEIISAIOT 3aBUCHU-
MOCTb yZA€IbHOU padoThl pe3aHus A, JIUcTocTe-
0eIbHOM Macchl OT KOHCTPYKIIMOHHBIX X1, X2, X3,
x4 (Ry=0,898) W TEXHOJOTMYECKUX X5, Xg
(R2=0,98) ¢axTopos

Y =15910,08 + 4706,94x, +3457,81x, —

—~1709,40x, + 2759,10x, +1579,23x7 —

—44811x? +4166,70x,x, + 2672,78x,x, +

+602,75x,x, +1901,21x,x, — 787,72x,x,,
Y =7507,5—44165x, 101417, +

2 2 (2)
+5230,0x; —919,0x; +5312,5xx;.

OOpaboTka pe3yiabTaTOB  HCCIIEIOBAHUMA
OCYILIECTBIISUIACh C HCIOJb30BAaHHEM MaKeTa
nporpamm "Statistica 6.5". IIpoBepka momy4deH-
HBIX JKCINEPUMEHTATbHBIX JAaHHBIX HAa OTCYT-
CTBUE TPYOBIX OIMIMOOK MPOBOAMIACH 110 KPUTE-
puto Koxpena, 3Haunmmoctbs Ko03(duiueHToB

(1)
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perpeccun — mo kputeputo CThIOJCHTA, MPO-
BEpKa aJCKBAaTHOCTH MOJCIU 110 KPUTEPHIO
Qumepa [27].

UccnenoBanue ypaBaenuii perpeccun (1), (2)
OCYIIECTBISUTH ITYTE€M TIOCTPOCHUS TIOBEPXHOCTEH
oTKIMKa (puc. 5, puc. 6) u rpagukoB B HpsAMO-
YrOJIBHOW CHCTEME KOOPAMHAT, KaK (PyHKIMU ma-
pamerpa onrumuzanuu A, = f (Vo, @y, Do, Dy, Sy,
W).

Ay, ok

Il 25000
[] 20000
[ 15000
Puc. 5. IloBepXHOCTh OTKIMKA W3MEHEHUS
yACIbHOU paboThl pe3aHusi A, OT U3MEHEHUS
CKOpPOCTH Bpalll€HUA JIC3BUA AHWCKOBOI'O HOXKa
V, 1 yIrioBoii CKOPOCTH BpallleHHs POTOPa ),
Fig. 5. Response surface of changes in the
specific work of cutting A4, by changes of
rotation speed of the disk blade V, and angular

rotation of the rotor speed w,

A,, Jix/M?

I 22000
Il 20000
[ 18000
[ 16000
I 14000

Puc. 6. [ToBepxHOCTh OTKIIMKAa W3MEHEHHUS
yIenpbHOU paboThl pezaHus A, OT H3MEHEHHS
IMaMETPOB TUCKOBOro Hoxa D, m poropa D,

Fig. 6. Response surface of changes in the
specific work of cutting 4, by change diameters
of disk blade rotor D, and D,

C 3aBucumoctu (1) BunHO, 4TO HanbobIIEE
BIIUSIHUE HA KPUTEPUN ONTHMHU3ALMU OKa3bIBa-
IOT: CKOpPOCTb BpalIeHUsl JIe3BUS JAHCKOBOTO

HOXka (Xx1), yroBasi CKOPOCTh BpallleHHs] poTopa
(xx2), muameTp potopa (x4). YBenuuenue (akro-
POB X1, X2 U X4 CIIOCOOCTBYET yBEIIMYCHHUIO KPH-
tepusi ontumuzanuu Y (puc. 5 u 6). Biusaue
JUaMeTpa JMCKOBOIO HOXa (X3) Ha KpUTEpuUil
ONTUMHU3AIUU SIBJIIETCS CaMbIM MaJICHBKUM H
€ro 3Ha4YeHHE HEOOXOIUMO MPUHUMATH, UCXOIS
U3 MPOU3BOIUTENBHOCTH QQ M3MenpyaeMoro am-
napara.

AHamu3upys TpaduyecKyl0 3aBUCHUMOCTH
puc. 7 MOKHO OTMETHUTH, YTO YBEIMUYCHUE JTHA-
MmeTpa auckoBoro Hoxka (D) ¢ 0,250 10 0,500 m
C MOCTOSIHHOM CKOPOCTRIO BpatieHus V, = 2,5 m/c,
MIPUBOJIUT K YMEHBIICHUIO BEIMYUHBI YICIbHOMN
pabotsl pezanus. C pocTOM YIJIOBOM CKOPOCTH
BpalllcHUs nuTaromero poropa or 2,0 ¢t o
10,0 ¢, YMEHBIIIEHUE YJIeTbHON paboThl pe3a-
HUS, KOTOpOE HMMeeT MNPSMOJIMHEHHBI Xapak-
TEp, MCHEE BBIPAYKEHHOE.

% 25,0 I {

] 4 / 5
% 20,0 |

= ’ — /

= | ——
g .
g 150 14—

o ——q

: —
S 10,0 —

[+

o

S /

z 50 17 2 3

[ =

&

> 0,0

0,250 0,300 0,350 0,400 0,450 0,500
OuameTp AUCKOBOIO HOXa, M

Puc. 7. 3aBucumMocTh yaenbHOU paboOThI pe-
3aHUA OT UBMCHCHHA NHUaMCTpa AUCKOBOTO HO-
’Ka IIpU yIJIOBOM CKOPOCTH BpALIEHUS pPOTOpa
(Vo = 2,5 m/c, D, = 0,70 m): 1 — w,= 2,0 ¢,
2-w,=40c",3-w,=60c",4—w,=8,0c",
5-w,=10,0c"

Fig. 7. Dependence of specific cutting opera-
tion by changing the diameter disc cutter rotor at
an angular speed (V, = 25 wm/c, D, =
=0,70 m): 1 — w,= 2,0 ¢, 2 — w,= 40 ¢,
3-w,=60c",4-w,=80c",5-w,=100c"

C 3aBucumoctu (2) MOXKEM OTMETUTh, YTO
O0JbIIIOE BIMSHUE HA KPUTEPUH ONMTHMHU3AINH
OCYIIECTBIISICT BEJTMYMHA TUTOIIAAN CEYCHUS Ma-
Tepuana (xs). [Ipu Braxuoctu mouepHs! 45-55 %
(puc. 8) ynmenpHas paboTa pe3aHus C yBelHde-
HUEM IM0JIa4¥ TIOCTOSIHHO YMEHBIIIAETCSI COOT-
BETCTBEHHO OT 23,6—19,6 K,Z[}K/M2 o 4,10-
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6,37 xJlx/M°. BenuunHa yaenbHON paboThI pe-
3aHUS C YBEJIMYEHUEM I0JIa4Ml JIIOLEPHBI, B 3a-
BHCHUMOCTH OT €€ BJIAQXXHOCTH, HM3MCHSCTCS B
npenenax ot 1,8 10 5,3 pas.

N
o
[=)

-

P
4

N
o
o

=3

O

15,0

B
%\ g
~
Sas N ]

| —

=

0,002 0,003 0,004 0,005 0,006 0,007 0,008
Mnowaab cevyeHns U3Menb4YeHHOM Macchbl, M2

Puc. 8. 3aBucumMocTthb ynenbHON pabOTHI pe-
3aHUs OT IUIOIIAJM CEUYECHUsSl pa3pe3aHHOW Tpa-
BSHOM MAacCHI JJIOOCPHBbI IIPU  BJIAKHOCTH:
1 — W=45 %, 2 — W=50 %, 3 — W=55 9%,
4 —W=60 %, 5 — W=65 %, 6 — W=70 %

Fig. 8. Dependence of the specific cutting
operation by the cross sectional area of the cut
grass mass of alfalfa by humidity: 1 — W=45 %,
2 — W=50 %, 3 — W=55 %, 4 — W=60 %,
5 - W=65 %, 6 — W=70 %

/ /)
[/
N L

10,0

YaenbHasa pa6oTta pe3aHua, kdx/m2

e

9 250

F: ~ 1 2 3
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g .___——l— E‘
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> 0,0
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BnaxHocTb Macchl, %

Puc. 9. 3aBucuMocTh ynenpHOU pabOTHI pe-
3aHUA OT BJAXHOCTH JIIOLCPHBI IMPH IIJIOINAaan
ceueHusl pa3pe3aHHoW cTebenpbHOM Macchl: 1 —
S5,=2:10% Mm%, 2—5,=3-10° %, 3—S,=4-10° v, 4
~ $,=5-10% M’ 5 — S,=6:10° ™’ 6 -
S,=8-10° M

Fig. 9. Dependence of the specific work by
cutting alfalfa humidity when the cross sectional
area of the cut stalk mass: 1 — S,= 2107 M,
2 — S= 310° o, 3 — S= 410°

4-8,=510° M, 5-5,=610° M*, 6 — S,=
8-10° M

IIpy n3mMeHeHuu BIAKHOCTH B mpenenax 55-
70 % mIst MogadYu Maccel OT 2+ 107 o 8- 103 m?
CMEHa yJIelIbHOM paboThl pe3aHus UMEeT Xapak-
Tep pocta u yoeiBanus (puc. 9). Ilouck panmo-
HAJIBHBIX KOHCTPYKIIMOHHO-PEKHUMHBIX —Tapa-
METpPOB paboTHl OUTEPHO-HOKEBOTO H3MEJbya-
€MOro amnmnapara OCYLIECTBIISUIA MyTeM MOCTPO-
€HUs JBYXMEPHBIX CEUCHHU IIOBEPXHOCTEU OT-
kiuka (puc. 10) rae ycnoBueM peleHus 3a1auu
Obula MUHMMHU3ALUS KPUTEPUS YIEIbHON pabdo-
ThI pe3aHus

Y(xl,xz,x3,x4,x5,x6)—> min

Inpu —1S(xl,xz,xg,x4,x5,x6)ﬁl.

YcTaHOBIEHHE paIlMOHANBHBIX 3HAUYCHUHN

(haKTOPOB OCYIICCTBISUTH ¢ KAHOHUYSCKHM TIpe-
00pa3oBaHHEM MaTeMaTH4YeCKuX Mozesei [27].

36
RN AN ANANS S
34 NS 4200
B E AR NN AN
o 30 \ \ \ \\\\\( 60 ™~
§ 26 100 \ \\ N 7‘ 74,3\\\
N V4 10 N | Ny T~
N / ~
§22 // \L ‘ i —
8 20— / 7 Ze
Q 75
% 16 204 s 10
12 =m0l > /\ \\ f\ X\[/\ 97|
2

7 2 7 4 5 6 7 8 9 0
Yenobas ckapocms pomapa ¢

Puc. 10. Ceuenne noBepxHOCTH OTKIIMKA, KO-
TOpas XapaKTepU3yeT BEIMUYHMHY YAEIbHOW pabo-
THI pe3aHus (KI[)K/MZ) OT CKOpPOCTH BpallleHHs
Je3BUs AUCKOBOTO HOXa Vy M yIIIOBOM CKOPOCTH
poropa @, npu D;=0,500 M, D,=0,510 M,
W=442-557%

Fig. 10. The cross section of the response
surface that characterizes the specific work of
cutting (x/x/m?) on the speed of rotation of the
disk blade V, and angular velocity npu
D,=0,500 M, D,=0,510 M, W = 44,2 — 55,7 %

BbIBO/IbI

1. Ha sHepreTudeckue U KaueCTBEHHBIE I1O-
Kazarenu paboThl M3MEbUUTENel BIMAIOT pe-
UMbl UX paOOThI, YIJIbl CKOJIbKEHUS, 3aTOUKH
U YCTAaHOBKHM HOXa, a TaKXe€ TEXHUYECKOE CO-
CTOSIHME PEXYIIEeH mapbl, CBOMCTBA PACTUTENb-
HOT'O CJI0s U €T0 CEKYH/IHOU ITOJAYU.
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2. Ha ocHOBaHWHU TIPOBEIEHHBIX OSKCIICPH-
MEHTAJbHBIX  HCCIICAOBAHUN  MPEATIOKEHHOTO
OUTEPHO-HOXKEBOTO HM3MEJBYAIOIIETO armapaTa
orpejiesnieHa 00JIaCTh PAllMOHANBHBIX 3HAYEHUH.
Haumenbiiee 3naueHue gfneanoﬁ paboTel pe-
3aaus 10,1-11,6 x/[x/M° pacTeHmid JTHOLIEPHBI
BiaxkHocThI0O W=442-557 % mnonyunnu npu
caenyromux napamerpax Dy=0,500 m, D,=0,510 m,
Vy=1,62-2,2 m/c 1 ©,=5,5-10,0 ¢ ipu mosiaue
Macchl, KOTopas He npeBbimaer (,= 3,6 Kr/c Ha
OJIHY pexymryto mapy. [Ipu Takux KOHCTPYKIIU-
OHHBIX TIApaMETPOB amrmapara peKoMeHayemas
JUIMHA TaJbLEB IHTAIOUIETO0 pOTOpa paBHA
h,=18-20 cm.

3. Pesynbrarel paboThl MOTYT B JalIbHEH-
1meM OBbITh MCIONB30BaHbI PSAAOM MPEIPHUATHIA
IIPU MPOCKTHPOBAHUHM U KOHCTPYHPOBAHUH W3-
MeJbYAIOIUX AaMMapaToB MHOTOIJIOCKOCTHOTO
pe3aHuss Npecc-MoJOOPILUKOB WM TEJIEKEK-
MOAOOPIINKOB ISl 3arOTOBKH JIUCTOCTEOEIb-
HBIX KOPMOB.
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RESEARCH OF GRINDING MACHINE
PARAMETERS INFLUENCE
ON PROCESS OF ENERGY
CONSUMPTION

Summary. The aim of the article is to study the
patterns of influence of structural and regime
parameters of beater-blade grinding unit with
blades active on the specific work of cutting
leaf-stalk mass of alfalfa.

It is known that grinding leaf-stalk mass is one
of energy-consumption operations in the overall
process of the storage, on which also depends
the final quality of the resulting food. Further-
more, due to the high speeds and strong airflow
ground mass in its loading is loosing its most
valuable fractions — leaves, buds, blossoms.

It is indicated that one of the ways to solve these
problems is to use in the process silage baler or
silage trucks, transporters, which contain
grinding machine omnidirectional cutting
material at a rate of 4-8 m/s.

On the basis of analytical and experimental
studies it is summarized that energy and
qualitative indicators of crushers influence on
operating them, slip angles, sharpening blades
and installation, as well as the technical
condition of the cutting pair and properties of
vegetable layer. Power of the grinding machine
is dependent on a high-speed mode, the
humidity of the material, second feed clearance
between the blade and the shearbar.

It is shown the powered structure principle and
the developed beater-cutter of the experimental
setup. The main structural feature of the
proposed grinding machine is that the shredder
cutter pair is located along the forming channel,
rather than transversely as in other devices such
as a disk or drum. As a result of cutting the stem
mass slightly specific cutting force is reduced,
which is a prerequisite for reducing the value of
the specific cutting operation.

According to the methodology of experimental
studies it is provided for measuring power
parameters of the cutting process the use of
strain  measurement method using wire
resistance sensors.

It were conducted experiments to determine the
rational structural and regime parameters of
beater-blade grinding machine using the
procedure of planning multivariate experiment.
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BJIIAAVMMUP KY3BMEHKO, AJIEKCAH/IP XOJIOAIOK

The search of rational structurally-regime
parameters of work beater-blade grinding
machine were carried out by constructing two-
dimensional cross sections of the response
surfaces, where the condition of solving the
problem was to minimize the specific cutting
operation test.

It was found that the lowest value of the specific
work of cutting 10,1-11,6 ki/m? by alfalfa plant
humidity W = 44,2 - 55,7 % obtained with the
following parameters Dy = 0,500 m,
Dy, = 0,510 m, Vg = 1,62-22 m/s and w, =
5,5-10,0 s at feeding weight which does not
exceed Qp, = 3,6 kg/s on one pair of cutting.
Under such structural parameters of the machine
recommended length of the supply rotor is
finger A, = 18-20 cm.

The results can be further used on a number of
enterprises in the design and construction of
grinding machines baler or silage carts for
harvesting leafy forage.

Key words: beater-blade grinding machine, the
feed rotor, active rotary cutter, cut the stems, the
energy consumption.
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